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I. SUMMARY AND CONCLUSIONS

Sampling and analysis was undertaken to characterize and quantify

particulate, organic and inorganic chemical concentrations in gaseous

effluents downstream of an afterburner (AFB) or stack air addition (SAA)

system in a cupola at the Tioga Casting Company in Owego, New York. The

U.S. Environmental Protection Agency/Industrial Environmental Research

Laboratory (EPA/IERL) Level 1 environmental assessment procedures (1)

were used to determine if the level of pollutants present differed when

using the AFB versus the SAA control device for reduction of carbon

monoxide (CO) concentrations.

Triplicate measurements made for the two control systems indicate total

particulate loadings of 4.8 and 3.7 g/m
3 
for the afterburner and stack

air addition system, respectively. The difference between these values

is not significant at the 95% confidence level (Student's t-test). The

total organic loading was observed to be 10 and 18 mg/m
3 
for the AFB

and SAA, respectively. Again, the difference is not statistically

significant. However, there are some differences in the distribution

of organic material among fractions, such as compounds with boiling

points between 100°-300°C, that do appear to be significant based on

the t-test. Also, the bag-house particulate samples collected down-

stream of the SAA were black, while those collected from the AFB

effluent were gray. These findings tend to indicate a slightly greater

organic loading in the effluent from the SAA, but the difference is

similar in magnitude to the factor of two uncertainty associated with

the Level 1 sampling and analysis protocols used in this study.

Microscopic examination revealed that the particulate matter present in

the cupola effluent consists mainly of silicates. The mass concentration

of trace metals in the particulate, as measured by spark source mass

spectrometry, is not significantly different during operation of the

afterburner and stack air addition system. The concentration of elements
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designated as hazardous air pollutants (2), i.e., beryllium and mercury,

is not significantly different during operation of the two control

systems.

Major organic compound classes present during operation of both the

afterburner and stack air addition control systems include: (1) aliphatic

hydrocarbons of molecular weight up to and exceeding 450, (2) polycyclic

aromatic hydrocarbons (PAH) of molecular weight less than 216, and

(3) carboxylic acids such as benzoic acid. Of these, the polycyclic

aromatic hydrocarbons might seem to be of most interest in terms of

potential implications for health, since some compounds of this type

are suspect cancer agents. However, most of the polycyclic aromatic

hydrocarbons present have fewer than five fused rings and are not

suspected carcinogens. Higher molecular weight polycyclic aromatic

hydrocarbon species, including some of those suspected of carcinogenic

activity, might also be present at lower concentrations. The low

resolution mass spectrometric (LRMS) data indicate that the total PAH

content is somewhat lower for the stack air addition system than for

the afterburner.

For both control systems, the I.RMS data indicate that aliphatic hydro-

carbons are relatively more abundant than polycyclic aromatic hydrocarbons.

The same data indicate a higher relative concentration of aliphatic

hydrocarbons with the stack air addition system. Although aliphatic

hydrocarbons of high molecular weight, e.g., MW >360, are not suspect

carcinogens, they may be promoters. Their relative abundance may,

therefore, be important.

During operation of the stack air addition system, a higher mass con-

centration of organic compounds, in the boiling range of 100°-300°C,

was observed than during operation of the afterburner. The possible

health implications of these observations are uncertain, especially

since the difference in concentrations is small compared to the variance

expected from the sampling and analysis procedures.
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Thus, the differences in organic mass concentration and chemical charac-

ter observed between the afterburner and stack air addition system may

or may not be significant from a health aspect. The magnitude of the

quantitative differences in mass concentrations of organic matter is

not large (i.e., less than a factor of two) and is near the magnitude

of precision associated with the analytical procedures used in this

work. Qualitative differences, i.e., lower abundance of polycyclic

aromatic hydrocarbons and higher abundance of aliphatic hydrocarbons,

are not large on a subjective basis and any synergistic impact is

uncertain. The small differences between organic compound concentrations

and character during operations of the two control systems would indicate

that they are also likely to be comparable in terms of potential health

impact. It is possible that compound-specific analysis of the cupola

effluent might indicate some exceptions to this general statement by

revealing more substantial differences in levels of emissions of

individual organic species.

Combustion gases are present in statistically similar concentration

levels (95% confidence) during operation of the AFB and SAA. Carbon

monoxide appears to be oxidized to carbon dioxide with comparable

efficiency by either control system.

In summary, the concentration of partial combustion gases, e.g., carbon

monoxide, nitrogen oxides, and hydrocarbons, are equivalent during

operation of the afterburner and stack air addition system. Inorganic

particulates account for about 95% of the total mass of material collected

from the cupola effluent under both conditions. The mass concentration

of total particulates and selected elements, e.g., trace metals, is

equivalent during the use of either control device.

The mass concentration of total organic extractable matter is not

significantly different during operation of the stack air addition

system or the afterburner. However, for organic compounds with boiling

points between 100° and 300°C, the mean mass concentration is about a

factor of two greater for the SAA than the AFB. This is a significant
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difference at the 95% confidence level, but not at the 99% level. The

health impact of these differences is uncertain but on the basis of the

precision of the experimental data and current understanding of risk

assessment for complex effluents, the two systems appear to be

comparable in emissions and probable impact on health and the environ-

ment.
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II. INTRODUCTION

In the spring of 1981, a stack air addition system (SAA) was installed

on the 40-inch divided blast cupola at the Tioga Foundry in Owego,

New York. The stack air addition system consists of two rings, seven

and nine feet below the charge'door sill, with four equally spaced

ports in each ring offset from one another; air is provided to the ports

by a Roots blower capable of an 850 scfm flow rate. The lower ring is

10'6" above the lower tuyeres. Flow rates are monitored using annubars

and water manometers. A schematic diagram of the system is shown in

Figure 1 and the locations of the ports in the cupola shell in Figure 2.

The SAA was installed in partial fulfillment of the terms of a research

contract ODE-AS02-76CS40028), conducted by the Pennsylvania State

University, which has as its goals to:

1. Develop methods for eliminating afterburners from

production cupolas;

2. Improve cupola operating efficiency;

3. Transfer this technology to the foundry industry.

Field and laboratory studies indicated that, by introducing air at the

proper point in the cupola shell, carbon monoxide can be ignited and

burned to carbon dioxide in the stack. Thus, the afterburner may be

eliminated and a reduction in the amount of energy required for melting

a unit of iron achieved.

A necessary input to this program is a demonstration that the change

in technology does not have an adverse effect on air quality. To

achieve this goal, Arthur D. Little, Inc. conducted an environmental

assessment of the stack emissions from the cupola. For these tests,

EPA/IERL Level 1 environmental test procedures w were used.
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Samples of gaseous effluent from the cupola were collected downstream of

the afterburner or the stack air addition system depending upon the

test conditions being sampled, and upstream of emission control devices.

The test consisted of triplicate collections of:

1. The gaseous effluent during cupola operation with the

afterburner, and

2. The gaseous effluent during cupola operation with the

stack air addition system.

The samples collected with a Modified Method 5 (MM5) train were analyzed

by EPA/IERL Level 1 procedures. Figure 3 shows a schematic diagram of

the Level 1 analytical scheme. For the purposes of this program, all

of the particulate catches were combined prior to analysis. Both

organic and inorganic species were analyzed via the appropriate Level 1

procedures. Spark source mass spectrometry was used to survey the

inorganic species from lithium (Li) to uranium (U) except for volatile

inorganics, mercury (Hg), antimony (Sb), and arsenic (As), which were

determined by atomic absorption spectrometry. Infrared spectrometry and

low resolution mass spectrometry were used to identify and characterize

the organic components of the collected samples. In addition to the

Modified Method 5 samples, concentrations of combustion gases, i.e.,

carbon dioxide (CO2), carbon monoxide (CO), nitrogen oxides (N0x),

oxygen (02) and hydrocarbons (HC) were measured during sample collection.

The actual tests were conducted during the weeks of September 14 and 21,

1981. On September 15, 16, 17, and 21, the foundry operated with a

natural gas-fired afterburner; on September 22, 23, and 24 only the

stack air addition system was in operation.
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III. EXPERIMENTAL PROCEDURES

A. SAMPLING FOR COMPREHENSIVE ANALYSIS 

The objectives of this test program include quantitative estimation of

total particulate matter concentrations and comprehensive characteriza-

tion of organic and inorganic materials present. To accomplish this

task, samples were collected using a Modified Method 5 train (MM5),

shown schematically in Figure 4. This sampling train incorporated a

water-cooled, quartz-lined, stainless steel probe; a heated cyclone

and filter; a heat exchanger; sorbent trap; condensate trap and impinger

train. The probe was water-cooled so as to reduce the temperature of

the stack gas (800°-1100°C) to about I20°C prior to passage into the

cyclone and filter oven. The cyclone was used upstream of the filter

to limit potential overloading of the filter. In order to cool the

gas stream to a temperature (i.e., 20°C) consistent with efficient

collection of organic vapors on the XAD-2® sorbent trap, a heat

exchanger (Figure 5) was installed upstream of the solid sorbent trap.

The heat exchanger was fabricated from a glass condenser and cold finger

through which water from the impinger ice bath was circulated with a

peristaltic pump. A thermocouple was installed in a glass tip in the

gas stream to monitor the temperature of the gas entering the sorbent

trap.

An impinger train containing six 500 milliliter impingers was installed

downst:eam of the sorbent trap. An empty impinger was used for collec-

tion of condensate from the sorbent trap. Two oxidizing impingers

containing hydrogen peroxide for removal of acid gases were followed

by two oxidizing impingers containing ammonium persulfate and silver

nitrate to collect volatile metals, i.e., mercury, antimony and arsenic.

A sixth impinger containing silica gel was used to dry the air prior

to volune measurement in a dry gas meter.
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During sampling, the probe nozzle was positioned in the stack at a

fixed point of average velocity, determined by a preliminary traverse

with a pitot tube according to EPA Method 2 (I). The sampling system

was operated as close to isokinetic conditions as was possible within

the constraints of available nozzle sizes and operating parameters.

Approximately 3-5 m
3 
of gas (STP) were collected during each test at

a flow rate ranging from 15-30 liters per minute.

At the completion of each sampling run the train was disassembled and

samples recovered according to Level 1 procedures (1). The residue

from the probe was recovered with a nylon brush and flushed with

equal volumes of HPLC-grade methanol and dichloromethane. The residue

in the cyclone and front half of the filter holder was rinsed with

the same solvent into the glass bottle containing the probe rinse.

Individual filter samples were placed in petri dishes for transport.

The solvent rinse from the back half of the filter holder, heat

exchanger and condensate trap were collected in a separate glass bottle.

The sorbent trap was sealed with Teflon® film for transportation. The

two H
2
0
2 
impinger samples and rinses were placed in a common glass

bottle. The ammonium persulfate/silver nitrate impinger samples and

rinses were also combined in a separate glass bottle. The silica gel

was transferred to a tared nalgene bottle for subsequent analysis of

percent moisture according to EPA Method 4 (1).

B. ON-SITE GAS ANALYSIS 

1. Carbon Monoxide (CO), Nitrogen Oxide (N0x) and Total Hydrocarbons (HC)

The gas sampling train consisted of a 3/8"-OD porcelain probe inserted

into the stack; a 75-ft long, heat-traced (100°C) Teflon line; a heated

(175°C) oven containing a metal bellows pump and glass fiber filter;

and instrumental analyzers for measurement of CO, NOx and HC, i.e.,

Beckman 864, Beckman 955 and Beckman 402, respectively.

After exiting the oven, the gas stream entered a heat-traced manifold

which split the flow to the NOx and HC analyzers. Excess gas was

14



collected in a Tedlart bag over a period of 10 minutes and, after

cooling, was pumped through silica gel and into the CO analyzer for

measurement of concentration.

2. Orsat Device

An Orsat device was used to collect and analyze stack gas for 02, CO2

and CO on an infrequent basis. Samples were also collected from the

stack (through the pitot tube on the probe) and at the continuous

analyzer manifold to check for leaks, confirm the accuracy of the

gaseous analyzers, and to compare with concentrations measured inde-

pendently by a Pennsylvania State University field team.

C. BAG-HOUSE SAMPLES

Grab samples of the particulate removed from the cupola stack in the

bag-house were collected during operation of the cupola with the after-

burner and with the stack air addition system. These two samples were

stored in glass bottles for possible future analysis.

D. ANALYSIS PROCEDURES

The MM5 train samples collected in the field were stored in ice and

returned on a weekly basis to the laboratories of Arthur D. Little, Inc.

for analysis. The samples

from each MM5

solvents used

sampling run

received for analysis included six components

and two solvent blanks corresponding to the

for extraction of the sorbent, condensate, and for probe

and cyclone rinses. Each sample was subjected to the Level

program, including inorganic and organic analysis. Figures

1 analytical

6-9 show the

actual step-by-step analysis scheme used for each sample. A11 samples

were carried through the entire Level 1 program except in those

where the sample size and concentration was below that required

further analysis. Only two sorbent samples contained sufficient

to warrant fractionation by liquid chromatography.
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1. Level 1 Organic Analysis 

Level 1 organic analysis procedures as described in the EPA procedures

manuals (1) were followed. A brief summary of the various steps is

given below.

(a) Particulate Masses 

The masses of the particulate samples (filter and cyclone catches; probe;

cyclone rinses) were obtained by drying the samples to constant weight

(±0.1 mg) in tared evaporating dishes at 50°C and cooling to room tem-

perature in a desiccator.

(b) Soxhlet Extraction

All extractions were carried out for a 24-hour period using high-purity

methylene chloride (Fisher Scientific, Inc., HPLC-grade). The following

procedures were used:

• XAD-2® Resins - Extracted with 200 mL of methylene

chloride.

• Probe, cyclone catches and filter sample - Weighed

individually and then combined. Portions of the combined

particulates were removed for microscopy and inorganic

analysis and the remainder extracted with 200 mL of

methylene chloride.

(c) Total Chromatographable Organics Analysis (TCO)

The quantity of the total organic material with boiling point in the

range of 100-300°C was determined by gas chromatography using a flame

ionization detector. The concentration of each sample was calculated

from the ratio of the peak areas of the sample to that of the known

20



standards. The following instrument conditions were used:

Column: 10% OV-101 on 100/120 mesh Supelcoport

Injector Temperature: 270°

Detector Temperature: 305°C

Temperature Program:

Carrier Gas Flow:

(d) Gravimetric Analysis (GRAV) 

Room temperature for 5 minutes, then pro-

grammed at 20°C/min up to 250°C

Helium at 30 mL/min

The quantity of organic material with a boiling point higher than 300°C

was determined by the gravimetric analysis method (GRAV). One to

five mL aliquots were pipetted into precleaned, dried and weighed

aluminum dishes, and were dried at room temperature in a desiccator to

constant weight (t0.1 mg).

(e) Infrared (IR) 

The IR spectra of all samples were obtained on a Digilab 15C FTIR

spectrometer, using potassium bromide plates. Spectra were interpreted

with the aid of References 4-7.

(f) Liquid Chromatographic (LC) Separation

Samples for liquid chromatography were initially concentrated to 10 mL

using a Kuderna-Danish apparatus followed by concentration to 1 mL under

a nitrogen stream and then subjected to three consecutive solvent

exchanges with cyclopentane. The resultant cyclopentane solutions

were introduced onto a silica gel column, and seven fractions were

collected by elution with solvent mixtures of increasing polarity.

Fractions 2 and 3 were combined, as were Fractions 4 through 7.

21



(g.) Low Resolution Mass Spectrometry (LRMS)

LRMS analysis was carried out on a Dupont 21-110B mass spectrometer.

Both batch inlet and direct insertion probe techniques were used

depending on the TCO content of the samples. Sample sizes varied from

20.11L to 50 pL. Typically, a sample was run at 15 eV and 70 eV

ionization potentials over a temperature of 70-350°C. Interpretation

of the mass spectra was based on References 8-11.

2. Level 1 Inorganic Analysis 

Elemental analysis was performed on each sample after the appropriate

sample preparation (described below), using a JOEL Spark Source Mass

Spectrometer and photographic detection system. These analyses were

conducted by GCA Corporation, Technology Division.

Sample Preparation 

Particulates: Mixed with carbon to form an electrode

XAD-20 resin: Parr Bomb combustion over nitric acid

Arsenic, mercury and antimony in impingers were determined by atomic

absorption spectroscopy. A Perkin-Elmer 503 Spectrophotometer was used.

3. Microscopic Analysis 

A particulate sample from one MM5 train sample from each control system

was examined under a standard polarizing microscope. Photomicrographs

were made on Ektachrome High Speed film, with samples immersed in a

medium of 1.44 index to provide good contrast. Additional samples were

examined by scanning electron microscopy.

22



4. Sulfur Oxides Analysis 

Aliquots of impinger samples were analyzed by ion chromatography using

a Dionex Model 14. Samples were analyzed using the following

conditions:

Column: 500 mm anion type, glass columns with precolumn

Eluent: 0.003M NaHCO3
/0.0024M Na

2
CO
3

Flow: 35%

Run time: 22 min

Sensitivity: 100 and 10 pmhos/cm

A11 samples were diluted by a factor of ten prior to analysis so that

solutions injected on the column contained a maximum of 3% hydrogen

peroxide.

23



IV. TEST RESULTS

A. ON-SITE ANALYSES 

As noted previously, individual Modified Method 5 (M115) samples were

collected on each of seven days during the weeks of September 15 and

September 22, 1981. Four samples were collected from the stack (on

September 15, 16, 17, and 21, 1981) when the cupola was operating with

the afterburner (AFB). Three samples were collected on September 22-24,

1981 when the cupola was operating with the stack air addition system (SAA).

Table 1 summarizes the sampling data acquired during the seven runs.

Run 1 was the first collection conducted on the cupola. Due to minor

system malfunctions, e.g., leaks, and the realization that future runs

would benefit from this experience and familiarity with the interaction

of the sampling train and the high temperature environment, this run was

discarded. Samples from other runs were analyzed in accordance with

Level 1 procedures (1). The low volume of gas collected during Run 5 is

due to a significant leak which occurred during sampling. This problem

was noted in the field, resolved, and the field data satisfactorily

corrected by careful analysis of temperature and pressure drop data.

Run 5 samples were, therefore, analyzed and the data included in this

report.

Table 2 summarizes the results of the on-site analyses of stack gases.

Due to the large variability in concentrations observed for the three

gases which were monitored with instrumental analyzers (i.e., carbon

monoxide, nitrogen oxides, and hydrocarbons), the observed differences

in concentration for these gases with the afterburner or stack air addi-

tion system are not statistically significant. Observation of operation

of the cupola during daily sampling and analysis indicates that short-term

variation in scrap metal charging rate and blower operation dramatically

influenced the concentration of these partial combustion gases. This

variation is illustrated by the range of temperature observed during a run.

25



TABLE 1

SUMMARY OF SAMPLING DATA

Sample Run 1 2 3 4 5 6 7

Control Device AFB AFB AFB AFB SAA SAA SAA

Volume of gas sampled* 0.987 2.138 3.890 3.306 0.972 3.333 4.327

(m3)

Stack temperature 926-1053 926-1093 732-985 735-920 772-1059 629-963 143-947

(QC)

*
Gas volumes are corrected to standard conditions of 101 kPa (29.9" Hg) and 21.1°C (528°R).

AFB = Afterburner

SAA = Stack Air Addition System



TABLE 2

RESULTS OF ON-SITE GAS ANALYSES

CONTROL DEVICE

Species

(Concentration, ppmv)

AFTERBURNER STACK AIR ADDITION SYSTEM

N1 Mean SD2 Range N Mean SD 911g.e

Carbon Monoxide 15 720 478 18-16000 105 700 280 20-13000

Nitrogen Oxides 14 22 8.9 5-39 100 35 11 15-91

Hydrocarbons (As C1l
4
) 17 73 58 9-166 90 100 130 10-820

Carbon Dioxide (%) 3 16.6 2.4 13.3-18.5 3 18.2 0.5 17.6-18.6

Oxygen (%) 3 3.7 2.1 2.0-6.3 3 2.4 0.6 1.8-3.0

1
N = Number of Measurements

2
SD = Standard Deviation



As a quality assurance step, the proper operation of the gas sampling

train was checked prior to routine collection of gas concentration data.

The major point of concern was whether the sampling line/manifold was

leak tight. Duplicate ORSAT samples (EPA Method 3) were taken at the

stack through the pitot tube on the probe and subsequently at the

exhaust point of the heated gas sampling manifold. The data which are

shown below, indicate that no appreciable leak was present.

COMPARATIVE ORSAT DATA

(Concentration, v/v)

Species 

Carbon Dioxide (CO2)

Oxygen (02)

Carbon Monoxide (CO)

Stack Gas Sample Manifold 

The difference in CO2 levels is typical of fluctuations in the stack con-

centrations over time. Although the lower CO2 concentration in the

manifold could have resulted from a small leak of ambient air, the identi-

cal concentrations for 02 and CO indicate that the system is in fact leak-

free. Following this QA check, the ORSAT method was used once daily

(duplicate measurement) to measure the concentration of CO2 and 02 in the

stack. These data are also reported in Table 2.

B. RESULTS OF COMPREHENSIVE ANALYSIS 

1. Total Particulate Loadinz 

The total mass of collected particulates as well as the concentration of

particulates in the source for six (Runs 2-7) MM5 samples are given in

Table 3. The mean concentration of particulates in the stack is slightly

lower when operating the stack air addition system rather than the after-

burner. Specifically, the mean concentrations for the stack air addition

system and afterburner are 3.7 g/m3 and 4.8 g/m3, respectively. However,

the difference is not statistically significant. That is, the means are not

different at the 95% confidence level as determined by the Student's t-test.

26



N.)
O

TABLE 3

MASS AND CONCENTRATION OF PARTICULATES

Run 2 3

Control Device  AFTERBURNER 

4

Volume of gas sampled 2.14
m3 (STP)

3.89 3.30

Collected mass of particulates (g)

Probe; cyclone 5.7699 11.8304 8.5459

Filter 4.8137 7.4849 6.2617

Total 10.5836 19.3153 14.8076

Concentration (g/m
3
)

Probe; cyclone 2.70 3.04 2.59

Filter 2.25 1.92 1.90

Total 4.94 4.96 4.49

Mean Total Concentration (g/m3)- 4.8

Standard Deviation - 0.26
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TABLE 3 (continued)

MASS AND CONCENTRATION OF PARTICULATES

Ru n 5 6

Control Device  STACK AIR ADDITION

7

Volume of gas sampled 0.97
m3 (STP)

3.33 4.33

Collected mass of particulates (g)

Probe; cyclone 2.2964 7.6387 6.2293

Filter 0.8642 9.0259 5.9096

Total 3.1606 16.6646 12.1389

Concentration (g/m3)

Probe; cyclone 2.37 2.29 1.44

Filter 0.89 2.71 1.36

Total 3.26 5.00 2.80

Mean Total Concentration (g/m3)- 3.7

Standard Deviation - 1.2



In much of the data discussed in followingsections, it is apparent

that the agreement within stack air addition (SAA) data is poorer than

within afterburner (AFB) data. It is not known whether this greater

variability in SAA data is due to operation of the SAA system or operation

of the foundry itself. That is, was.; variation due to differences in charg-

ing production rates during the week that the SAA was tested? Variability

in operation of the MM5 train is not a probable cause of the observed data

variance, except in case of malfunction; no unusual situations were noted.

The variation in concentrations calculated for the probe/cyclone and filter

sections of the M4i5 train is great enough that it is difficult to confirm

the shift in particle size distribution reported for the SAA control device

by Davis and Draper, 1981 (1.1). However, the data generated in the present

study do not contradict this earlier observation.

2. Level 1 Organic Analysis 

Mass concentrations of total extractable organic material collected in the

various MM5 train components (i.e., filter, sorbent, condensate) from both

afterburner and stack air addition runs are reported in Table 4 and summa-

rized in Figure 10 and 11. In comparison to the total particulate mass

concentration observed (Table 3), very little organic matter was extracted

from the samples. Only about 0.1% of the total particulate mass collected

in the probe, filter, and cyclone was extractable while about 1% of the

total mass of material collected in the entire sampling train (i.e., in-

cluding sorbent and condensate) was extractable in dichloromethane. All

dichloromethane-extractable mass has been identified as organic matter.

The organic extractable matter was experimentally divided into a low boil-

ing point fraction defined as total chromatographable organics (TCO) and

a high boiling point fraction defined as gravimetric analysis (GRAV)

organics.
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CONTROL DEVICE

TABLE 4

TOTAL EXTRACTAELE ORGANICS (mg/a3)

(Corrected for blanks)

AFTERBURNER STACK AIR ADDITION SYSTEM

TCO GRAV Total TCO GRAY Total

Particulate Extract 0.44 2.8 3.2 0.21 3.1 3.3
0.28 1.3 1.6 0.29 1.2 1.5
0.08 0.3 0.4 0.35 4.8 5.1

0.27 1.5 1.7 0.28 3.0 3.3
SD 0.18 1.2 1.4 0.07 1.8 1.8

XAD-2 Extract 2.2 8.4 11 5.0 7.2 12
rv-3 1.6 3.1 4.7 3.3 2.4 5.7

3.5 6.1 9.6 4.5 20 24

I 2.4 5.9 8.4 4.3 9.9 14
La SD 0.97 2.6 3.3 0.81 9.1 9.3
1,-)

Condens4te 0.09 28 28 1.4 39 40
n..3 0.24 7.7 1.9 1.0 64 65

0.09 15 15 0.04 10 10

i Q.14 17 17 0.81 38 38
SD 0.09 10 10 0.70 27 28

Total Extract 2.7 39 42 6.6 49 56
n..3 2.1 12 14 4.5 68 73

3.7 21 25 4.9 35 40

i 2.8 24 27 5.3 51 56
SD 0.81 14 14 1.1 16 16

Total Extract 2.7 11 14 6.6 10 1/
Ulthout Condenaate 2.1 4.4 6.5 4.5 3.6 8.1

n.,3 3.7 6.4 10 4.9 25 30

7 2.8 7.3 10 5.3 13 a
SD O. 81 3.4 3.8 1.1 11 11
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The distribution of extractable organic matter in the sampling train com-

ponents indicates that about 80-86% of the organics which fall into the

TCO range (boiling point between 100° and 300°C) are found in the XAD-2

extract. About 71-75% of the organics which fall into the GRAV range

(boiling point greater than 300°C) are found in the condensate. Organic

material With boiling points greater than 300°C accounts for about 89-91%

of the total organic mass. These observations are not completely con-

sistent with findings of other ferroalloy process emission measurements (11).

The presence of most of the organic mass in the condensate trap is un-

expected. In fact, a careful review of the low resolution mass spectros-

copy (LRMS) data (Appendix A) indicates that most of the organic material

present in the condensate extract consists of dioctylphthalate (DOP) and

related esters. This compound is probably due to contamination of the

condensate samples in the field, although it is not obvious why the con-

tamination appears only in these samples; other train components show

minimal DOP contamination. In any case, it seems inappropriate to in-

clude the DOP-material in estimates of source-related organic emission.

Therefore, the estimated total extractable organic mass concentration is

calculated excluding the condensate sample data (Table 4) and is summarized

in Figure 12.

A comparison of organic concentration data for the afterburner and stack

air addition runs indicates that the low boiling (100°-300°C) organic

material is present at significantly (i.e., 95% confidence level by

Student's t-test) higher levels in the stack air addition samples. Al-

though the trend is the same for the high boiling (>300°C) organic

material, and thus total organic material, the latter differences are not

statistically significant as determined by the Student's t-test.

In order to obtain additional information related to health implications

of the observed differences between the organic emission concentrations

from the afterburner and stack air addition system, various EPA/IERL Level 1

chemical analyses were conducted. Individual extracts were analyzed by

infrared spectrometry (IR) and low resolution mass spectrometry (LRMS).
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The chemical classification data obtained from these analyses are reported

in Appendix A. Due to the low mass of organic extractable material in

most samples (excluding condensate samples), only two (sorbent) extracts

were of sufficiently high concentration (i.e., greater than 8 mg/m
3
) to

warrant a liquid chromatographic separation on silica gel prior to LRNS

analysis. Three composite fractions representative of aliphatic hydro-

carbons such as dodecane (Fraction 1) and aromatic hydrocarbons, such as

benzene and benzo(a)pyrene (Fractions 2-4), and polar compounds, such as

benzoic acid (Fractions 5-7) were collected from each of these two extracts.

On the basis of analysis of unfractionated and fractionated extracts, the

organic species in each extract were classified into compound categories

and the intensity (relative amount) of each category was estimated using

a method developed by Arthur D. Little, Inc. (19. The major components

(intensity = 100) of each fraction of the sampling train are shown in

Table 5. Note that a comparison of filter and condensate extracts from

the afterburner and stack air addition samples shows identical major com-

ponents, that is, aliphatic hydrocarbons and esters (contamination). The

LRMS data for the sorbent extracts from the afterburner and stack air

addition samples show marked similarity but indicate that aliphatic hydro-

carbons may be somewhat more abundant than fused alternate, non-alternate

hydrocarbons (i.e., polycyclic aromatic hydrocarbons) in the stack air

addition samples. This may indicate that the larger organic mass concen-

tration observed on the sorbent sample for the stack air addition system

may be due to increased amounts of aliphatic hydrocarbons rather than

polycyclic aromatic hydrocarbons. In any case, the most abundant polycyclic

aromatic hydrocarbons in all samples from both control devices are of less

than five rings (molecular weight <216), most of which are considered to

be non-carcinogenic (12). Less abundant amounts of a class of potentially

strongly carcinogenic fused hydrocarbons of five or greater rings (molecular

weight >216) were observed in a few samples from both control systems. It

is difficult to state unequivocally that the lower concentration of poly-

cyclic aromatic hydrocarbons in the stack air addition system will mean

less health hazard since it is impossible to preclude possible synergistic
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Filter

Sorbent (Total)

(Fraction 1)

(Fractions 2-4)

(Fractions 5-7)

TABLE 5

MAJOR ORGANIC COMPOUND CATEGORIES

(Intensity = 100 or as stated)

Control Device

Afterburner

Aliphatic hydrocarbons

Fused alternate, non-alternate
hydrocarbons
Carboxylic acids
Aliphatic hydrocarbons (10)

Aliphatic hydrocarbons

Aliphatic hydrocarbons
Aromatic hydrocarbons (10)

Carboxylic acids, aliphatic
alcohols or ketones

Condensate Esters

Stack Air Addition System 

Aliphatic hydrocarbons

Aliphatic hydrocarbons

Fused alternate, non-alternate
hydrocarbons (10)

Aliphatic hydrocarbons

Aliphatic hydrocarbons
Aromatic hydrocarbons (10)

Carboxylic acids, aliphatic
alcohols or ketones

Esters



effects of high molecular weight aliphatic hydrocarbons, which have been

implicated as promoters of the indirect carcinogenesis of polycyclic aro-

matic hydrocarbons in some studies (162).

3. Inorganic Analysis 

The results of mercury determination (cold vapor atomic absorption method)

in sorbent, condensate, H202 impinger, and persulfate impinger fractions

are summarized in Table 6. Mercury is distributed quite equally over these

fractions and is present at low loadings corresponding to about 1 lig/m
3
.

There is no significant difference between the afterburner (AFB) and stack

air addition system (SAA) samples. No arsenic or antimony were detected

in these fractions at levels above the detection limit (i.e., 0.4 1.1g/m3).

The total inorganics detected by spark source mass spectrometry (Appendix B)

are summarized in Tables 7 to 9. Concentrations on a mass emission basis

(pg/m
3
) for 10-16 selected elements present at high concentrations are in-

cluded. Elements with atomic number of less than twelve (lithium to

magnesium) are excluded from the summary. The results are grouped accord-

ing to sampling train component. Specifically, the metal concentration in

the particular fraction,probe/cyclone wash and filter catch, sorbent

resin and condensate catch are reported separately. As expected, most of

the inorganic material present in the cupola stack is collected on the

probe, cyclone and filter. Only a small percent of most elements appear

to be distributed in the sorbent or condensate. The obvious exception is

sulfur; for this element about 10% of the mass is found on the sorbent and

10% in the condensate. This observation is not unexpected due tc the

potential for the existence of various sulfur compounds in the vapor state.

More importantly, the difference in mass concentration of the elements

measured in the samples collected when the afterburner or stack air

addition system was in use is not statistically significant. This is

consistent with the equivalence of the total particulate mass concentra-

tions for both control devices.
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TABLE 6

MERCURY IN SAMPLE FRACTIONS

(Mean Concentration, Ig/m
3
)
1

Control Device

Afterburner Stack Air Addition
- _

Matrix x S.D. x S.D.

Sorbent 0.77 1.0 <0.41

Condensate 2.2 1.4 12 16

H
2
0
2 

Impinger 0.60 0.30 0.63 0.31

Persulfate Impinger 0.41 0.14 0.67 0.37

I
corrected for blank levels
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Element 

TABLE 7

SELECTED ELEMENTS IN PARTICULATE FRACTION

(Mean Concentration, pg/m3)1

Af terburner Stack Air Achii tism

S.D. x S.D.

Silicon (Si) MC MC

Sulfur (S) 150,000 8,900 23,000 22,000

Potassium (K) 53,000 12,000 99,000 110,000

Calcium (Ca) 42,000 12,000 73,000 43,000

Titanium (Ti) 2,900 820 4,900 5,300

Chromium (Cr) 730 380 420 174

Manganese (Mn) 90,000 5,700 130,000 130,000

Iron (Fe) 120,000 8,000 180,000 170,000

Nickel (Ni) 830 1,100 420 600

Copper (Cu) 1,600 830 600 240

Zinc (Zn) 44,000 17,000 62,000 46,000

Bromine (Br) 7,100 2,600 22,000 26,000

Tin (Sn) 13,000 6,900 4,400 470

Antimony (Sb) 1,800 920 670 260

Lead (Pb) 220,000 40,000 140,000 110,000

MC E Greater than about 500,000

I
corrected for blank levels
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TABLE 8

SELECTED ELEMENTS IN SORBENT

(Mean Concentration, pem3)1

Element

Afterburner Stack Air Addition

Blankx S.D. x S.D.

Sulfur (S) 15,000 12,000 4,900 3,000 5,700

Calcium (Ca) 380 240 78 86 59

Titanium (Ti) 51 20 3.2 1.5 9.7

Chromiurn (Cr) 190 160 32 32 40

Iron (Fe) 1,300 970 400 70 160

Nickel (Ni) 14,000 23,000 140 35 49

Copper (Cu) 230 270 78 86 59

Zinc (Zn) 110 12 320 540 <180

Germanium (Ge) 86 100 <6.8 <1.2

Selenium (Se) 86 140 <9.4 24

1
corrected for blank levels
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TABLE 9

SELECTED ELEMENTS IN CONDENSATE

(Mean Concentration, pg/m3)1

Element

Afterburner Stack Air Addition

Blankx S.D. x S.D.

Silicon (Si) 3,900 5,100 860 680 87

Sulfur (S) 9,200 2,500 13,000 5,700 300

Potassium (K) 1,600 2,200 88 26 <7.3

Calcium (Ca) 1,500 1,800 580 470 40

Titanium (Ti) 170 230 6.3 3.0 6.3

Chromium (Cr) 480 660 30 19 8.0

Molybdenum (Mo) 810 1,100 104 135 32

1
corrected for blank levels
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In an attempt to quautify the levels of sulfur oxides (SO
x
) in the stack

gas, the SO
x 
collected in the pair of H

2
0
2 
impingers in the 111.15 train

were analyzed by ion chromatography as sulfate. The mean concentrations

for the samples collected during the operation of the afterburner (AFB)

and stack air addition system (SAA) are as follows:

Mean Concentration as Sulfate
Control Device (mg/m3)  S.D.

AFB

SAA

521 86

488 150
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4. Microscopic Analysis 

Two particulate samples were examined microscopically to characterize

appearance and composition and to measure particle size distribution.

A representative aliquot of the particulates (probe, cyclone and filter

catches) collected during operation of the afterburner (Run 3) and

stack air addition (Run 6) system were examined by optical microscopy

at 1,500x and by scanning electron microscopy (SEM) at 5,000-10,000x.

Observations of these samples are as follows:

1. Although a small amount of crystalline material is observed

to be present in both samples, X-ray diffraction was not able

to resolve the identity of this phase.

2. In the polarizing microscope, both particulate samples are

observed to consist principally of an amorphous phase, trans-

parent and light tan in color. There are a few black opaque

particles, some of which are subject to movement in a magnetic

field, i.e., ferromagnetic. There are a few very small

crystalline particles attached to or contained within the

larger amorphous particles.

3. Observations on the scanning electron microscope and the

associated energy dispersive analyzer indicate that the com-

position of the principal phase includes silicon as major

element with manganese, iron, potassium, calcium and zinc also

present and decreasing in the order given. Lead appears as an

additional element in small amounts.

4. The elemental composition and the observations in the optical

microscope indicate that the light tan amorphous phase is a

glassy silicate.

45



5. Two sets of photomicrographs were taken of each sample. Views

at 80x magnification and under partially polarized light illus-

trate the variety and appearance of both samples (Figures 13

and 14).

6. Photographs taken at 20x were used to obtain the particle size

distribution (Table 10). This magnification range was chosen

because a number of particles in both samples are relatively

large and thus represent a large weight or volume percent.

A large number of particles which are smaller than 100 pm are

present and are not well resolved at this magnification.

7. Due to the fact that the particle size distribution peaked

near the limit of resolution of the optical microscope at 20x

to 100x, the samples were reexamined with the optical microscope

using an oil immersion 1500x objective. This shows the

individual large particles to be aggregates of many smaller

particles, some of which are distinctly spherical. Some of

these small spheres are colored: red, brown and also black

opaque. There are also a few crystalline particles dispersed

in the aggregate. It was also noted that a very large percent

(on a number basis) of the particulates were of a size range

near the limit of resolution.

8. Therefore, additional observations with the scanning electron

microscope (SEM) were made. These confirm that these larger

particles are, in fact, aggregates of small spherical beads

below one micrometer in diamater (Figure 15). These small

particles are indicative of condensation and aggregation

processes in the cupola.
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TABLE 10

PARTICLE SIZE DISTRIBUTION BY OPTICAL MICROSCOPY

Control Device

Afterburner Stack Air Addition 

Size Range:

0 - 0.2 mm 91 120
0.2 - 0.4 19 40
0.4 - 0.6 1 2
0.6 - 0.8 1 0
0.8 - 1.0 0 0

Number Counted 112 162

Mean Particle Size (mm) 0.14 0.15

Standard Deviation 0.10 0.09
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9. The SEM observation that a large fraction of particles

are less than 10 lim in diameter and the optical microscopic

observation of a mean particle size of about 150 lum tends

to confirm the bimodal size distribution reported by Davis

and Draper, 1981 (la).
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APPENDIX A

LEVEL I - ORGANIC ANALYSIS DATA 

- INFRARED (IR) REPORTS

- LOW RESOLUTION MASS SPECTROMETRY (LRMS) REPORTS
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( 141-V YL- MR-rtcre..mt.. 19.5 PftPe.-r erF- Okic.L.fts . 
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LAMS REPORT

SAMPLE:  RUN 2 - AFB - SORBENT

Major Categories

Intensity Category
..

MW Range

( (6 0 Fosel) AL7e-a.,u4-77,,, Awm...-re-icAiii-rs, 14 y,P2bOthe /3 cbis -216

( e•S-r-es

1 r2:5 SILIC 67%-i--5 ---ro } illd 0

( 95 AleO 014-ric 141-lbiaD clile 45 er-),5- p2 3S2f

Suh-Cateqories, Specific Compounds

IntenSky Category m/e Composition

i p z i
3 Rm.+ & PAh I/ 1}krilacE, ue ciy/2740

/ 0(
,1(84r-imfirqfer,;

T#E1Jvz... Aim`-ft-7-44-4_etti. / gtLi C/, W/2--
r 0,, /CiA/6, P4fri (FLOarzoki-MfaUg-/PYlereAJE) ant, CI,„ 4 /pi'
(0 me-r4yt_ 3 2/A16-- :-P/41-4 1 92. 05 1 I i 2_,
( 0 A46-7741, 4-- Pfirl.we_ 1Ltheitrbi -6_ 2/IF C,7 4/if
/ -re ez e PP Vu VL— .2.5fif f Ise Ail 1
I le Tel r4112-1411-S,L Airr -S-P E - C / ,4 cm_ 4_ v

I .. no-T./ F-7 , 46LE.,L

,

Other
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LRMS REPORT

SAMPLE: RUN 2 — AFB — CONDENSATE

Major Categories

Intensity Category MW Range

1 gi 03 E57---1c--.S 32)0/

¿ c.2 /6I V FusE2) A....-rEra4-7-6 iVerAi 47.--r<71-Mt.fa•-' #0,24C/ocsaxiSi

/ k}ei:5)11/4-rie. 1.741‘XfiCilite-45003 02, 3fi

/ ..1,5 6-D 14-1...-Tc-red.m-rg., IVA! Ruraw..Abtra-i /4y.o 24cAied OUA ... }„2/ 6

Sub-Categories, Specific Compounds

Intensity Category m/e Composition

1 Of7X ?Hr./4711.AI E - .,-, , 2) ()la 7 ypE. 390 C.z,, gm Ov
1 0 j 1 r‘ i G- P4t74 141)(theik6416- /ThEAMA170:54 re C /4 1 / 7 I 0

I (X 4- fel AJG- Pi4e-f- Fl_ocyzApfre,40& / Py grzu 8_-) .2 0 z_ C/G it-it3i

1 cC
(

?f-FC--)Jyt__ ( 191961-rt-ettElvE 02 01 C1614/2_

I Me-7.'4qt_ 3 i e i 06- P/414 7 92.. C15 1-1/2_

I illert-Oic__. ?t4frAiit_ Arifigeirer5vr-e‘Ar 071 r C ur ,
/ —r--,:-ie --,----Figc--,,, L____. ,z7Z3t C i f of

Other

6 3



IR REPORT

SAMPLE:  }RUN 3 - AFB - FILTER
J

Wave Number

(om-1 1

Intensity

0-

Assignment Comments

.2 €N 0 , m \ 
,

.29.2o A-1 ca1/4 .A..t..x1/4--c_. C i-i 4....ttc,t4..1

2.51) PI )
3 0 .5-0 V Lo a.A.-try"..sLA.. C. 44
i 4 5-1) i MD M C H cA1-4.--%-•r"-•-t4-A,I
IA 6 0 S

/ D9 0 .9
1 (..) .2 0 s

crt

2' o O Š

q- bof 4 i a t") 4A.4.7--..k,9„,z..;., A.A.....D......--)r-A-4-

e AD-LA-A.-el G...(... Avt-ito-rt-o 4.4.4.1.-c--C6L,.4.4„ci

IR REPORT

SAMPLE: Rr.i 3 - AFB SORBENT

-u

Wave Number

Icm-1)
intensity Assignment Comments

.5 61.1.5" 3 t,.s.-z)
r

L.) ad+.0-)-^-e---.---c, C J-4

,.,2 9 o Š
1

.1 94 0 _i S a)ZA42,.4%.7.....&, C. 14- .2.0...k.z.t..J..

.2 8 so M

/q-o.S" /4)1 c z-c, of- cazek-A-kh - 0...1/44--.",...k.....:c..

lbOo 1.5Tho (,1/42
1

i 4 / 5 - Di i3E'D Pi C. 41 

I a (4, o )1 "1rt...i...7.- . LA- ...., io7o

Ipq o, itTS IJI

_rgekdA14:43e1)-111-0

/DS:C L cx...,- C-4-.41..A.,.. (.4...st14....

1

C6 0 IA clociL.A., 40.--7-...t.,4J v Co-.......Zei

A_ 42--e-4--, ek",,:-/1/4,

64



IR REPORT

SAMPLE: RuN 3 — AFB — COIZENSATE

a

Wave Number

(crn-1)
Intensity Assignment Comments

lit sl)
3 D .5-1)

t•-o--e4-4--cti 0 14

C n • 0_ /0-attue,..

C 

L 3 n_

6 5



LRMS REPORT

SAMPLE: RUN 3 — AFB — FILTER

Major Categories

Intensity I Category MW Range

/ (10 AL IPHA-rIC HV3Ro cx)x)8exiS -ro 4.77512(

I V JIL/CDJEs
/ (25- C-5-7-5-7es

_______.

u2( Ri5E.--D AL:Tax AM-ra , Af dx.) hz-re-te Am-rz 114 ydkvapRerous -C' .2 /‘,

Sub-Categories, Specific Compounds

Intensity Category m/e Cornposition

1 Pf/7771-fitA-TE /3AJ3 7r---)26 P4741-tArE I A 107.1 5PECIFICPh_L-Y /..1)501/ 141,1kE .

I 0 . 3 ZiA/6-Pi9o(19417-mex5,0-EIP,75,141,)-refge,Je 1 I7g Ciyi-40

1 0 PHexin.. AfAp4r74-fri_E-10-6_ 2p-( Cfr.142._ 
11

( 0 4 R_JAkr 7)/} 1 4 'FLO ()VW TA - d Ner.,,,e) c2 02 c/6, # /0

( 125 ?/961 192 e, ,A47.___NErnivz__ 3 i 2 /Ai&
' / PI E roil_ ?HE-A-in_ 71,01-Pro7mLeda oVcr C/7 /41 ti

I -r--erzE fin-w-JYL__. 230 C/g i ' 7 i‘re
i

Other

--ro } 0 2(•
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LiimS REPORT

SAMPLE:  RUN 3 — AFP — SORBENT

Major Categories

Intensity Category MW Range

( 0 0 1- Fb15-61:3 /4Z--re72,liAlt/ OW AY-7c1WAA4rC kivone,effeecok)s -e-? /6

/ a o CrneecatiLte 19-c/2s 122-02,00

1 0 S1LIC07-15 100 -24 0
1 c3 Fri56--) ALT (1.:-2AJ r115 1 Alexi Az_7*,e,t1A-G, 4.,r) a 0 c4e-SaiŠ c.2 / ,:'

1 i u Ai CI-..k_Z" IF7&) t X — 54 0

Cate ories S ecific Compounds
- ,

Intensity Category rn/e Composition

/ 0 0 1 3 ZAJG- -P,9-ii (Ai A)712te&506.17P/9a4fAir,75€6tt) IT C/r1-4,:e 
1 0 - --N..).7_01 c._ /4-co /21 074b02... 

C7 --P°C-13Y1-- )4APitrH-Ai-ekr c20171 C/6 /4/7___ 

/ 6 -DDI t-ii12)Rx) 3 "fPCx ?Prti / KO C/g 4/2—

/ 0%( 4 ziil6- 4(-P-i._,0-p.,4•Jr#5,JE/71/,2E-7,)&- t ; ail- C icv 4 /0 

C: I V I --71- i - V 1-- 3 Z 1 x f G- P/4-+ /92_ C, 5 4/z-
3)6 DS-CA-6'01C— /4-en 010 /2 YI ii 02_ 
fri --7-1`I`Vi— -4,40Li yt. Xi 'Po witz e4/6- 01,I 5 egic/ 

Other

wA) u) ,PE-4‹s. LiVz_ IF 0 1-0 3 0 
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LRMS REPORT

SAMPLE:  RUN 3 - AFB - CONDENSATE

Major Categories

Intensity Category MW Range

(0 0 EST:C- 1C-S
.

3507

/ ci5 P-Dset ALIE.earai Not) Prat-C.0416 HYDR4cFitt6 axis • 02)6
Fierertb Chle Li c Af rriesrati Ca. "cox) as /3_5-5-

5 1-1-eirt-R-o cycu c So L Ft) 2 Cto Po-7)42S 1,3-5

/ SI 1-1 C er)JEs

te ories S ecific Com ounds_ 

Intensity Category m/e Composition

(O-75, Pt-ft/44Litre, if%IP -r9ro 390 CDT' 7473r OV 
/ 0 ( Beo zz-rheina_E- /3.5 C7 kg NS 

( 3 ZAJ6- PA-ti frmical- 16.miurtiftai 11 Cig Alto 

I (2$ li 121$16. f)/4/ hoorzectAittofw& beraLdE c202_ ea, 4 0 
il 0 MiLem•(4.- W l'Ae mbl-LEAJE- g- 04( C,,, 4.4,... 

/ tit?, 3 iebv-6- 1%4- 19z— C/5 6;2_ 
1 41E--fry c_ Pitbure- Aketrmaga- Air dug,/ 

Other

I LIC Ate5 --G -5 0

68



IR REPORT

SAMPLE: 
RUN 4 - AFB FILTER

Wave Number

(cm-1 )

Intensity Assignment Comments

4 ? to Lo

.21-2; L.0 c )4 ,c3x....i....,,..i. r- ca--ad.J.L.-1--:(-

a. t g-L) LA)

.Q t SD (1,-)

J .0 ‘, 01 1 a tcv Li..)

1020 Teti) GO

V 0.4. s..u-iLeitj, Aadm.i.e. j"....4.1.--1.4.n.-

IR REPORT

SAMPLE: RUN 4 - AFB - SORBENT/RUN 5 - SAA - SORBENT
u

Wave Number

(cm-1)

Intensity Assignment Comments

*____3_.

d Tie, P r_______S

4 I 2 ° ai.,4),..LA.:( C 4 .4..:talcc,-t

1 15 511 I xi

3.0S1) to0 L GLakrir"*."."...ti-4.... c 13 A...ANA...0E4.1k

1 .4. 0 0 - /4 e. 1 0 ... Cl."•+.0.44. ...4.:'04. 60- 1.4.....":"• 4./.:C.....,A 1

1600 ta,..)

1 .5-A LA., a...-Lki, N 4

)450 H -004..ir%N.e 4'4
1310 1.14)

0.•

1 A le 0 Pi

1 D tt)

IDZO

_M

04

i 0 i.) NI

I AA i.0 ;AL ei44-4-71=64""

TIP TO
6 9



iR REPORT

SAMPLE: :WI: 4 - AFB - SORBENT - FRACTION 1

Wave Number

(cm-1 )

Intensity Assignment Comments

1955 5
.19ac v .5

f.2 -4-0
C kt- 4,./...%....kciaz, .

.aIsD aste--

Ns 0 Ai

.._,

c. il dab_ - •
1 3 SI) M

4a. 0 Cu C H Asa_ .

79•4,4.44— ASLa1/4.71/41:-C-0.40 -67 ewact, s4 7-/S i Q i

IR REPORT

SAMPLE: RUN 4 - AFB - SORBENT - FRACTIONS 2-4

Wave Number

(cm-I )

Intensity Assignment Comments

0 %IS- 3 on x-f aka--........t..c C w ItiA4-tc...A

on (. o Li

.2 %a < ILI 0-442....r.-4- C. m .aaa...1-4.-4.

Jan) H
j6la7i,say ,....• 0-4-o-The-t4L-s_____,ehs.t2
/a sty 3 so 11, IA/ es 0

12‘.0
1
1 ',I

io510 in -No 5 akraills—a

Soo s

loo- 6sNI 6, si a.4.0-,....5-Lt, C /4

70



SAMPLE: RUN 4 - AFB - SORBENT - FRACTIONS 5-7

Or.

Wave Number

(cm-1)

Intensity Auignment Comments

310 0 14 ( t-•-•-v-.4) 0 14 ip. NJ )4

.1 o SO (At ask.4,-,-. C yi

,a91.0 ,,;(1`7,25" 4 C 0
pl i 30 ,N t)s IQ

:s aja4J1.-•.:1---:•t.
,

1 fo 'rICJ S C z. a ' 42.--A. al-......1/4.4.4.

nepa 0 si
0

. . , rrK..9-04-1.-

1 S-5D,,141.5-D A-1 1..) A,-,.....c

401_13 Ito /*-1 C. 1-1 Ailf..43--•,--6,•%A.‘X-.44"),01/4d

, la 1-o Al p ki.......4

goo - *co i't 4)
at.,,,,, e 4-1 •

8 20 - %on 4."..r...e) a_ 6,43-0,4 6-4,,,J A.t..vrt.... tl 6-(..- A)kva•-..-4

6-49.., 4..h. 424."-irvr...1a-^:4--4 ILE --e*

ki 14 Ca /2_,w1/4.:./kt

IR REPORT

SAMPLE: RUN 4 AFB - CONDENSATE

Wave Number

(cm-1)

Intensity Anipment Comments

, /3 10 a .S. '.1
-

,...i:_p - 0 4,..4:.1.4.04.4.0‘...hoL

1- 3 4/ 0 M ( 6-1/447u-4 ) 1-4 L.--0--..-0A-I-e.4 1-) , 0

F i 0 a 0 5 -67
,,i 0 g. 5- 1...)

} _.J.;_

,, g 4- 0 *4-i A

..1 a so ).-1
„sz...6.4.4..... •1) ...‘---4x..a..A -0

j 4- a u , ts..) C .:•-• o ,..V.s.e...W...

, 4 L L., IA? C 1+ 6414---..-..

/ .2_0 G...7 C g .--411.6.4....__

i 3 g 0 LA.)
-

C 14 ti-t '-/1-,w1/4,1,-.
u

71



LRMS REPORT

SAMPLE: 
RITN 4 — AFB — FILTER

Major Categories

Intensity Category
,

MW Range

i ci /qi-IPM?-fic-- _p,2,6_eArz6".15 -

/ V ------S7-5--R_ 5 SV
i V S/L/C(X)E-.5

o

Sub-Categories, Specific Compounds

Intensity Category m/e Composition
,

/ ti, P/471/21LA-rE D OP 746- 39 e2y/-47 (-)Y

r

.-------

Other

72



LRMS REPORT

SAMPLE! UN 4 - AFB - SORBENT

Maior Categories

Intensity • [ Category MIW Range

1 PO I 5)581) kz-lezAin'rEi Afolifti--reledOm- 11Y.Atoo412edAis

.

- C. °V 6

ii0_7 cAle 6orii.- I c ige /b-S- /z 2-
/e,) 4t. oof-M-r/c /74/„0.2 Cei-Ne3erA8 -Th 17(501

I/V jIL IC cl'Ai 71b , 60co(

/ (., 4726714 A-ft c., 14-1-t/DieDCAR 8evs c,.7 .3.p'

Sub-Categories, Specific Compounds

Intensity Category  m/e Composition

,/ ,9' 3 Rim cr P/97/1,40.m.eRAdwe /R,,EvuttAiiNgs4 / MI C/5, # ras

/ Icira_4 3Eid,z ow ick a) I,22_ C7 gk, O 2,

i 0 PHLE7-1, 1 L_ ri.litt_E-A a (CLii C4, 7 /12._
1 6

rtt
1 I g/A1G- P4O Curritolth 7PYReivis) 0140Z c,4 4if,'

1 0. 4ocyL 3 giAJ6- Ptcw 1/9,r-2,it Ci5 /42.- eit• 14 ,,

/ ICI( if4y,Dg.6 3 RINJ6.- ?fi4 I eqf c pi 4,2_
i d ft-mlizz._ pyc---ANL. A(419,14-77.7yiwig._ ow C)71-71/
(0 --7-6-ez—P1-h5o1L_ 023i 'it ,tiff

1
1

Other

Az. ¡ Azifire 11Y) ,e4 c-mee m/z /1-, 4/50

73



LRMS REPORT

SAMPLE: RITN 4 — ATB 7 SORBENT — FRACTION 1

Meior Categories

Intensity Category MW Range

4c75 ih-ok I c_ 44-11)0 CAre &Ars 222.-r038",c

Sub-Categories, Specific Compounds

lntensky Category m/e
T

Composition

Other

74



LRMS REPORT

SAMPLE:

Major Categories

RLTN 4 — AFB — S ORBENT — FRACTIONS 2-4

intensity Category MW Range

I 0 0 iL 1 PM re— i7t /QbC4e5 ALT -r-,, A.,//00

/ C( Fuse]) ey-e,04r6, nitnJ AL7Z-res...A-Te7- 171̀ yr),Ro e./gre if bats- </' ‘,2 /6

( 9f J, ... " ,, 0 ›..2-(

Sub-Categories, Specific Compounds

Intensity Category rn/e Composition

1 a' 3e,J6_Pp14 14707740-triig-/Phiskih-A.tme74) (7, Ciy1-71/0
I I 4 k/A16- PA44 F-1-0,avi?Jrke fryea0E) 7 02o2_1 CA.14(g
1 25 Pl-fa)vt.._ A-e47W rfi-EiLi 4-10g I G A / 2-

1 0 METH-YE— 3 'Rriv&-- 77/07-0 192- CI. 5 , 2_
i c6, n4E-m-r/L,.. 7)45/UY1- 7\A-1314-ri 4, 9 t-5."1 021? C /7 ij I'll

( ( -7-arZ E PriLE-Kryt_ ..3(Z c!? fin/,/

. 1

1

Other

7 5



LRMS REPORT

SAMPLE: RIJN 4 - AFB - SORBENT - FRACTIONS 5-7

Maior Categories

Intensity Category MW Range

i 91 erne6CrZYLiC- A.C. IDS 12.z.

(00 Pi-LA-11-n c COrkipdoksps 1`. Nrrr /mon Fot6

0 ES-r-fas f• •I

t 0 U 1Q(211S,5 1 ('S-D 1 3)73 -3o0
1 , K -r. 6 toEz5, 1 p

Sub-Categories, Specific Compounds

intensitY Category m/e Composition

)0,6 13 ekii....6 ( c_ Ar-(7::› I 22_ ! Cr7 40 07

1 --Pf-171-144- PISS/ N rrs pacpromt,y I 2:,e/inie-/A-09._ .
i FL 0072-r.101,1-=_ 1 g(11 Ci3 )48. Õ

Other

LIPW) C Cert4PCri/NDS: "1-4-6- 3 PEGTRA Sf4-614.1 1:70Ji-y C5 "To C- (0 PeRTrahl crP-

CCM r-3) Be MOLLS A-With:RS Cre_. t4-YDRO GPM 6eis.) C44.)'7" Pon Yr r 1 

7 6



LRMS REPORT

SAMPLE:
RUN 4 — AFB — CONDENSATE

Major Categories

Intensity Category MW Range

1 60 E57e;e5 3473
i
/ ,r ,5E.1) AL-rafe/J4-72- A. I exi R-i--rafwArE 61y2tizoci+eapiis -..2/&,

r / / ;12 to, ofifc hilbe..0C Rfe adios -2 3 0

1 F:asez fh_reiewh-rt,) ),Icski AvraeAmi& A4.723,epagRAEhzus .2/ .3.

Sub-Categories, Specific Compounds

Intensity Category m/a Cornposition

fOC I -ThL7Yfil.-11-TE- 3;2 D C9,zy /4,38 0471

)--/ Rh4 PM ;7 1..vcreigitirgo.)-,PyRri4 .2 02. C/b 40D

I ?40,.1( 1 i,- NAW-Hfic-skIE ,20'(' C I L IVIZ—

i r -71-1E.Pbtrao A__..., Z..5b Cfs,Ilig

1 Mf7'1A/1_ ?ht-MQ. M4,9#r*h..Erlie c2/S7 C /7 #Iy

Other

7 7



in ntruPiii"

SAMPLE: RUN 5 — SAA — FILTER

Wave Number

(cm-1)

Intensity Auignment Comments

3 ii o o 6-koct_d '.41--eb.1.A./ 6.,„......,,,A- aro )-1
Aq60 k-i

\
.2. 4.2 a 5 a-S-4-6,1.42 .. I-I Alou-te—k

4 a 61) M

.

1 q 31) Pat C. 1 V. at
/ 3 ic 0 Lk)

).1.bo PA )

/ 1” 0 M ,...1....., I .C11.-Aef -41-4. 144i.........4.-
) cia o LA

2 D 0 )-1

IR REPORT

SAMPLE: RIJN 5 — SAA — SOREENT

Wave Number

(cm-1 )

Intensity Auignment Comments

330° ''‘'Cia-eof A) 14

...? q c... 0 5
T.2 0 5 C . 4 4..z.4.7.-c—A.

A c .51:7 /-1

3 D-51) uJ CLAAreKe-7-4:4, C 14

/ 4- Do a :: 0 ...„,..,........L. •,,,,,,„,, ,.A.) 7
1 5J-0 0 41,,,--vtL A.) I-I
1 Y.co, / 'go 11 id ' 14 444-64-

ra (0 0
i
m

- 

la? D M
I QJ 0 )
2 0 0 .

ss-D- 4 toot) k 43 a"..c.--)-,,,xLe., ,,..,, ,;..4.---44...

7 8



IR REPORT

SAMPLE: RUN 5 - SAA - CONDENSATE

Wave Number
(cm-i )

Intensity Assignment Commants

31/00 L4,) j4 jr-a-,1/44,14-4.) 0 H

cli a,c, 5 C..- Hro1fSb

44.3p LA)
- H 1

i '4 lii 0 A.1

.4.'totA,-.114,k-k.

s. a a ^ 12.4.4,241-Xy -ft..4.--to."..- ,

I ÷0 0 M C. a 0 4 A.,0-)--41.AL ELLept..ayek‘

i Y5t) - 1 5 $4.) LA) C - 1-1

i a 5 0 (A2 C - 0 cil,_ gt....-4--eis....b,„ ? a.,

log 5 14

tirki.,,„).4

- o of a-e-4,0-L-49.

1030

,e-

M a - a 1
Co-0 f-1 4-4-ITYYLAA.A....r. 41-4a..4--.6-i;±7.-A-4","•-•.

CL7-/et-oCk-f--r) OAPYY%-4-4J- 6,,4P bO-P

7 9



LRMS REPORT

SAMPLE:  
UT 5 — SAA — FILTER

Major Categories

Intensity
.

Category MW Range

( (10 /42. /P/71* 77c 144/P 1Z6 cAR134TAZ > 35,d

1 E-.577----r2 -5
I SiLtca>JEs

1 Fd sap Arrr,eufrr-&- 1 AinvA1/4.775,toh-7a 1.742:42.ze_64tdois -2/ (,

Sub-Categories, Specific Compounds

lntensity Category m/e Cornposition

/ (25 -R-iri-rgvl-rc:, Alb-r SP5r_rf-?cm_Ly I_Asor/F04,5L&
. /

f-/ 7264.16- PA47/6.-tidgitXMOielk/0912;64) 02 0 2..., C/a, 4/
/ 3 oils- PA,4-: ihur//eheeAJel7A,16.J/boogste) /7er CA/ ,/p/

L

,

Other

80



LRMS REPORT

SAMPLE: RUN 5 — SAA — SORKNT

Maior Categories

Intensity Category MW Range i

// 00 (1/4/ PifA-77C 1-1y232o CA7e eak.LS m -1/00 ,

i 0 F-05.-&_,...b 141..7-&-x AlfrZ , N ex) /9-t...-r-c-ek4L-r. ItlY.Mo oPessis ..,=,21 6:,

1 ( , 3 / r‘. 4.1C 13-c-0,1_ _1.227,200-

I 0 0

_C147eiecxy

E.--51- 1.5

I ‘- SI L IC a-AZ-5 IR rzi >500'

( 0 FoseD 41761204—tz , IV erki Azfer,4)4ra-- /4 yi),,ec, c,4-re 6oxiS > .2/ 6

-Cacegories, ecitic Com ounds . 

Intensity Category m/e Composition

HY0 ör:AiLO/C. 14C11) i ZZ e7 Alb 02__

/ 0, 5 77/4774At~4-re , Ò 13 -r-Y PE 39651 Czy 143r 09 

1 0 0  3 il?Itt16- 2/Ifi (Ax)*OcelJE/PHL=s41002a.$) IV /5' #45 

1 0 PFFEWL 7 4 141- P it r filli-V Lc,* C 16 - 11Z, 

1 C‘ '41 beer- PALL( riudyuilan-trea/ fyieroJE) ;0z C/0)4/0, i _, 
, 1-1 

,,
o o c - y L._ (5 ZoiG- Pit4,4 iiit-2-& e/5 41.— e/(.17/15/ 

( e5 1 -rst.",/,,,,e0v4._ .23i Ctr Hiv 
/ g buc,- PAq (CmeYsra,.), e-yr) 22 g Ca' ;441z 
i /145-7-h1/4/L -pfi-e:xiy/_. t\iiim-r4yitsoe- ,_-2/F Wiy 
l(/ c)AizscAiu_pc__ 73-e. a) i Igo C1, I/2z 0 2_ 
( (2) ,2,DE---ci c iNolc___ fida) c20 ctr ea I-lay Oz_ 

 , !,

Other

IL ICAJE-s `‘-• III 'To 540
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LRMS REPORT

SAMPLE: RUN 5 - SAA - CONDENSATE

Major Categories

Intensity

.
Category MW Range

/ 9'0
57e.S 3F0

/ 0 S/4-IC4))E-5 > 'leo/

i r-vsep fivrt-ie4fria. I iti eNi Alf&EA/41-re. HY.° Re cAliZ/3.5 C..I 6

O. 5 his--r-&-reA cycLI c__ Airr,2.44G-6-ii C61.4 pay , J .3 s /35-

0,5 /-/s ig ucyc Li c_ SOLF11,- a:to, P A/A.105 A.3-5

Sub-Categories, Specific Compounds

Intensity Category m/e Composition

1 W 4b0-04-tkrE 1 0 P --rYPE—

,3 R/Ai6-- PAH-(Aviovir-r-,../EIRyst*rietat?)

3,p

/ 7./

fay/173r 6)
C/?7-1(i

/ ' Ea.)z.t:)--r-/- /A--,t_eri._ e- 1 '5

,t2i

C7 /-& NS

1 ?o-c-i.iyz_ 7\114-Piii.e/ALEAIE-- ze( 216 4/R—

1

n (

il elA16- 0911/ F-Lciaminieok / Flpead a) .2Z2 C/i, A/ref

1

Other

Sic.../ce-Afas 

8 2



IR REPORT

SAMPLE: RuN 6 — SAA — FILTER

Wave Number

(cm-1)

Intensity

.

Assignment ' Comments

0 9 iv o iLl

4 9 al 5. s  ae....es4.4.--:‘, C.. p Az-e.....occ...4
a s Al) 0,4
1 4 .5vo A set, Li) C, t4 01-Atera6.0+.A.Air)t.I
141A(i0 10 1- 0 I

r

41 4.4%,-.... IL

IDA 0, too v.)
--4,,Lek

1 i A o 1.4.) c__ - 0 .C...e..-4.........
i 1- 3 S" t......) e . 0 .e.,,,zg.........

IR REPORT

SAMPLE: am 6 — SAA SORBENT

Wave Number

(cm-1 )

Intensity Assignrnent Comments

cl 9

‘70

g 
e2 85D

51) / 3 sro
11-.9D

1045" gQC

M

1'1

AD

c

H 

O._ = 0

4A...2.67(..41—„-t.
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IR REPORT

SAMPLE:

OP

RUN 6 SAA — CONDENSATE

Wave Number

(cm-1)
Intensity Auignment Comments

4q60 /1IN.

A 93o 1,4 012Laitd,: C 4-1

ca ir 11) fri

17- 4 C 5 C ."-' o 4 a. AL.ter-r-Lx-

_L4 3 5 
iA -.5,„ Woo

0 P tke,1 ce-J- axe_ i 3 to ,...) eita.,-4. -t...,, co.—rit,3.6.)
3 S o—e.4.4 64. e- CP.

123,3 k-1 e 114.,,,c, .
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LRMS REPORT

SAMPLE: RUN 6 - SAA - FILTER

Major Categories

Intensity Category MW Range

t 00 4L /j7f113//C 4C/i)/Z 0 cme 6 67,1 --F6 'MO
,

I b S-- ,-r5123 .3 n

i 0 3/ L iccr7JEs -
/ 0 11487-Eir4 ÒcyCLIC Wrrie-V-EIL) COvieò c i A/AS- 1.2F- /57

1 0 i Füset, /4-1-76-RAJR-re 7 NefVA-retAM-r flYpEoci4128,"
1,2 16

0 Al C4A-S-Si r'/) -7',.) 350

Sub-Cate ries, Specific Compounds

Intensity Category rn/e Composition

i 0 , -p14-7-1.4.11-LprrE, 1 M77 3pEc(pc,ILLy /bat)rr P646 L. i.--
/ D _S/ i.icrAJEs .267,;34,,,zeI

I 0 ohti,N../1.1 Alita 2 / ) C Z. 411/1-111411i E75 42?-IV CL11717.1\1- C 11#fl N
( 0 3 ''',A)-.?44 (Atothe6cui--- Riamitirme4 IV

1

C iv I-40
(0 I?! ZAJG. 51951,(FLodyznipyroae,4,2 _02- C-1/0 6C)

/() ill -riqvi._ 0 fr),C,-- Ph,'" 19i e /g g tz-

-i

Other

(P9f4./ A/0N crniee iwifrtrzreb9-t_ ieiEfkir-E) "Yz_ f54.) filo 356-1

/4F,Pc-tes Ya cmo-rmAi PaLycycL__I Pvtii -me/et_ As pt5 41,4 ofm-oc, 
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LRMS REPORT

SAMPLE: RUN 6 - SAA SORBEIT,T

Major Categories

Intensity Category MW Range

/90 (4')ei64 17/1-fe— A.e /DS /22--o20,

/ v575. Fo se-D 47.2mokre, Alai ii-vreizA f ft-re-- Aii--11) it JcA6reaw s - Z/6,_ 
/ie c.7 I L IC crxJ ES To ,> 5,691

I,
AO /0666 3,2 7

t cy5
/ ,

Fo5E,D m._76.1e0+-ra: I Alai At-Tet4.44-ra fr-1-YDreac4240-15 I 7'.Z/

/ 01 I /.2AJC I-4551 F IE-i- her 34 0

Sub-Categories, Specific Compounds
T

tntensity Category rn/e Composition

3sk- 1 z_,,r c_ At ID 12Z C71-/c 6z-...(c)'
( 90 3 Rhtri5-- 2474/ (A.Airiere.,Fermiirlkw&ite..iti I 7( c,yillic.)
/ 07 'Phle-AJ5/6_ isillf6L-777179-t&i& c2-(25L/ e /6, 71/42_

I i ll RIAJG_ 17/4.4 (FL.LimedotJ7- 14.ie/lez'r„eawEj_ ,20,z C4, Alf,91'
1 c3)/. m_gyz... 3 R/A16- .P11-61 /92-025% C/ 5 /7i 7_ — (776 //11
( CC -re(8ezhiz 4,0(1...1,z- 3,27 C6 gi Eri Al

I 95 ime---rFic/L- Thgx)Ve- AlfrfefrfrMt 4906- t,211 C i7 141//'

1 -10726P P-t-AP r IL— c,..3(ZSP C tr A I 'SI

( c13 2/ ok,. P44 Ce.. cwg(7/3-c-ii i 6-rc .) 22A? e,, 11/2_
f 0 ?,63%,- e ci4J-cnc Ac op c;03( 1 5. C,2Jilv 62_,

1

Other

c_31 GcrilEs --re; m/7, 7 gol
LAIC oisst 04/7.- (10 7-0 30,95
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LRMS REPORT

SAMPLE: RUN 6 — SAA — CONDENSATE

Major Categories

Intensity Category MW Range

( 0 0 esit:22.5 ZZZ-3?0

Sub-Categories, Specific Compounds

Intensity Category m/e Composition

( 00 Pil-rHOVITE, ',3o P -ro e 39(1 C.21 714? Oy

I ci D(E-7-64-cit_ -7-6-1.-e-PftrmArth-r-6 2zz Ca. 11/1/ 101

Other
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IR REPORT

SAMPLE: KIN 7 - SAA - FILTER

Wave Number

(cm-I )

Intensity Auignment Comments

Alk •0 H

0Q 9 c2:5- 1 ai2,-“../1".t. c. 4

c.2 650
.2
M

i 4 J./ o ,-.1 e. = D 1... 4.2.X.1.......

i 4 SI, 1-1 -c.--.4.,..,-_,

/ 3 st IA)
C

j460 /Dao v., ......:1,04,—c.0—x—A., .
I

? D 0 ,A.)

PA /) 10 I a) e-__=_a_l____AAgArt

1,1-7 A_ 4./...a.c.....,,-.....,,t4 .

IR REPORT

SAMPLE: RUN 7 - SAA SOKBENT

Wave Number

icrn-1 )

Intensity Assignment Comments

5 J../ DO 6.....cro,04 0 1-)

A q 6 0 s
a 41 3 o S af...../...,..ve..:4, C. P4.
4 t 4 -5. 1-1

g i 6 o Pt
I ',I 6), 1 ., tO it-1 C 14 4 • •

14aS 14.4 a z 0 , ..c.ixt--4--
i t,oji1lso cd....) C.. - o ‘ 4-4-kt-A-

r O 4 O (do
;

01 . . • .______,
1
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SAMPLE: RUN 7 — SAA SORBENT — FRACTION 1

Wave Number

(cm-1)

Intensity Assignment Comments

-116 o

Aq4o

n Ss's"

AA 4 

/465 13cco

4.2 g 

_6
c 

C 14

t4j.4-41-edi

!R REPORT

SAMPLE: RUN 7 — SAA — SORBENT — FRACTIONS 2-4

Wave Number

(cm-I)

Intensity Assignment Comments

c29i,s0 N./-

.____.21,3. 9 I) 5 . 
# , ,

--..... ,.... -L. dim I i .1..

a A 45 s
;

•Q 0 _5

/-7-,u ki C 1-- 0 cv

i_k_q_D___ LAJ a ..1e. - Ai...r.,..,..x.c_it, 
lo.e._

j i t+c) /Q70
inN.A.t....44

d - ' Leoci........ (10.--,...........4........tika
I i

....

Lligg,

- , es OrAPIONMOIPIII• •

i

it- la ) 4 r I z..e. Acre-4C,

?-4 0 (A) (` H A-4mA of, e...4-#:..-",

/1t20 14 At"4"-t-4-c--
j 05D A4 dd....a La_ #7-0- c cp-u- s ..= 0

...e.AL‘tat
0
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IR REPORT

SAMPLE: RUN 7 — SAA SORBENT — FRACTIONS 5-7

Wave Number

(cm-1 1

Intensity Assignment Comments

.3300 64.4.-40/ (.....4-0A. 0 N

4960 s

4?a, r s c 4
dt i 4 0 ikil

.2 a sv Al

i 4.74- 5 a = o ati. ...4-&a-y%A.
likto LI --1.-- -
i3 via Pt

I et, tv••

'3 o *-1) k....J a z a.

;Do 141(towt...4 C - 0 " .

IR REPORT

SAMPLE: RUN 7 — SAA — CONDENSATE

Wave Number

(cm-1)

Intensity Assignment Comments

3 L 1 .'s'- ti 04 • • Z.

t 0 1 t.."-) .

i L. 7 0 M.•2.

.4 i TO fr-1 14

g i_.c) ;4
44...44.‘...k.i&A-2.„.., -C

; -; 2 0 LA./ C ::- ct
13 40 LA-) C 14. dit.ta."-- •...E. ds......e. •

1

9 0



LRMS REPORT

SAMPLE: RUN 7 — SAA — FILTER

Major Categories

Intensity Category MW Range

Q5 )11 L 1 P,46T1C /4y.brabcoescrkS To Ali (o al)

250

Sub-Categories, Specific Cornpounds

Intensity Category rn/e Cornposition 1
1

/ t1,3 /7/L-ITVA-r/Cs- AM' 00y )E-t5eIZE:ES Cc' 
{
!

1
f

U/J5A-riigii-ri,n3
i

PR ESeikr/:, Bor ol-eys.is- 1 1

S-rimj) Dor SLI-1.7,7"L,/ 1 1 —1-6 C 4/0
i
1

I ò Su L ,e___ 015 6 ss
1

,

,

i II

Other
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LRMS REPORT

SAMPL E: 
RUN 7 — SAA — S ORBENT

Major Categories

Intensity Category
—
MW Range

I 0 0 'I—. i p (-0-71 e-- hlgi) 20 ciieð-i-s -ra I/5g(
-4.2/&/ P-osEt Th--ru(01-7"&, Are x J#1,-reelurrie- 174-iplevchmsazfi

I 1217e - 0 4 4 - rl C 1-ily D ie 6 CA11E8 "1-5 7 5, 5 0

t 5 (.) L F-0 ,2_, . 5 i)

Sub-Catepories, Specific Compounds

tntensity  Category m/e Composition

I ?\113Pftr?mi-a-s- PxID /:2J6A__ Alimviiimifits 1.1e-sy 4,4 - C pf 416,
o i4-i-I-Vz__ SI P,I1Jyc.5 1,5Y-2,2Y ehallia - C17 74,20
& i

/
3 PI,u6- PAil (A)77420kEAJOe,?Egmpir#049)E) ' /7 s' f /4, 14D

10 Ih_g-,/e_ 3 (itkr6- 7)/4 192--,2& - C/5 Ya— C(4, 7'4‘
( ' Su LF-r)R___ 1 025 G Sy

L

Other

Bor ezr—FIAis fet/a chiovAl 

Pc-ic tf L._ 67,-)rEaus Arte5- Pied)61/auf---1:

9 2



LRMS REPORT

SAMPLE: RUN 7 — SAA — SORBENT — FRACTION 1

Major Categories

intensity Category MW Range

(00 72nlet.)C4e-t-uxis
u Fut

> 5 da

Sub-Categories, Specific Compounds

lntensity Category m/e Composition

/ fiL../Pifx rte._ /411bgeicAtezais A/6-142y
S I- ,Z5

cz)25 "ro C.35
Gs-

Other
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LRMS REPORT

SAMPLE;  RUN 7 - SAA SORBENT - FRACTIONS 2-4

Major Categories

Intensity
,

Category MW Range

/ 46 74L-/P/M-rfe._ /4̀/ ie-5 CAra 8 AIS
______

1 fi.6 FL I seep Pft-rvediu477.., Plit)J 191--MI2AMM 14-1404.421°"1-5 I ". • 2̂ 16

Sub-Categories, Specific Compounds

Intensity Category mie Composition 1

/ cl5 Ake-Y/4 LivVE 13-AZ AL.xyz_ AIMI-pe Liwes 4c2r-/e C/0/-1,- 0/.2,H/ 2_ I

l ,3 Temic,- PRA / (Avr6,16+er,oe fin oi,,,,Jr,itroi-t) ) 7:g L ' )/(7/ 174
/ InE17-IYL 3 2/Pi6- Prill-f (92. /5' 11/2._
1 L,/ lehtl6-- Pi9g (FLuerAhtthweet 8,erahJE) iets.z e / 4 742/0

1

Other

16g-/P6ifIres 5,650 m/we /,)-AJ
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LRMS REPORT

SAMPLE: RUN 7 — SAA — SORBENT — FRACTIONS 5-7

Major Categories

intensity Category MIN Range

( 995 Aupitilite._ C oroPouND5 * Mr 0 64rinainz
I 0 0 Cilt6o(y./c. Aci.ks /Z2. - 201

1 c6 1 Herev-beteauc_ Nri-ruc,-Ll Cou*Pcto,dDs /13

( 0 1 Ugc..4ssrr:-(ez (50 - 340

Sub-Categories, Specific Compounds

Intensity Category m/e Composition

!CO -6 sioz-Dfc_ ici-c, a) I 22_ Cil 1-1-0 D,
1 PS Ilia--revt_ 6)0(A1 &Li 0-e fq3 el i--1g NI

0 Ial-e:cAfi_6(e_ ActI oq¢50 C12.42..,4 nz—

Other

4 LIT -1.-kr rc C 6,s4 ex, gaE : pitcrtA Ssf+W CitOLy 714e C311 Cot PL,)Z1'100 71-it
C 1. t-S OULD 2 EPRIEgat.hr Kercnits, f+YalLer-thezeml CoO-Migmierrioij. 

95



LRMS REPORT

SAMPLE: RUN 7 — SAA — CONDENSATE

Maior Categories

Intensity Category MW Range

10D Es 7"--&ie_s 39c)

/0 Ok1CLASS/F7L-D 1/65/--/2.

0.5 KE-7",..3 / I/7

0.5 1-16--rice/cLic 71117Woz--AJ CagiPcv A i p_s / g/-7

.

Sub-Categories, Specific Compounds

lntensity Category mle

/ 0-D
—t50-INDM8 .)f

3qo
IL-11

Composition

Cozy P.3$ yi
C N Dz-

Other

!D -rort19 Ù ski Oari-r(FrEi ReNthrc ni6-r612.46H Plik) joL( —rb Z-

96



IR REPORT

SAMPLE: FILTER BLANK

Wave Number

(cm-1)

Intensity Assignment Commenu

tA2 ca,:trike e- 14 

logo 

loa5
g DO

IR REPORT

SAMPLE: S RB ENT BLANK

Wave Number

(cm-1)

Intensity Assignment Comments

A q ti, 0 ii-1

Aq20 1-1 a241,40x-;t c A

.2 so Pi

3 OS 0 V tx) oi-N-er-p----0.-x---t-
i ,ii-D, / 3 g 0 A....) C 4

1atoo M

LD 9 0 14 -0j--4-1.41.--n-A.

1 ba. 0  pri

ir D M

I ) a 5. ?A .4-2.....a.-40-*--:(- -4A_,4...t.....
(...:

9 7



IR REPORT

SAMPLE: SOR.BENT BLANK — FRACTION 1

Wave Number

(cm-1

Intensity Assignment Comments

.1 435'5

a qa o C 42.:6--te_4_

1115D

I 3 

1.3 C )-4 

vs-P-e-a-L

IR REPORT

SAMPLE: SORBENT BLANK — FRACTIONS 2-4

Wave Number

(cm-1)

Intensity Assignment Comments

0 G.)

lb)
 C.430+-6.-2<.) 

et,-C40 LA.)-4.ALA 

98

 ,MINIIIM=M101•1111\



IR REPORT

SAMPLE: SORBENT BLANK - FRACTIONS 5-7

Wave Number

(cm-1 )

Intensity Aiiiipment Comments

3 giDo 44A2mr•- tA-e-KoL4J o 4

c1.25
e2

c .17;r01.41., 

1*-51), 1310
11 3J2

to)

IA)16.•.•0.4 (2.-Qt•-&PP

IR REPORT

SAMPLE: CONDENSATE BLANK

v
Wave Number

(cm-1)

Intensive Assitriment Ommonts

23 f,, 0 ua N ii cs.,- c., P4

A q4,o, A Ta o H

a 5 5") pa
eb644;cr.vc,_:, c ki

1 ;3 3 5 C 2 47 '''' ..E.A.Jel-4..1 4:14,4444: p A-^Lta...."."-.'"--

/172 a)

IA LA ykr-11.4.4.See -ut..d.i (),„z,v Air i , . . . - 4 - c - 4, 4 - -K.,.., I) o I.) 44-0-
(..Q-0.,0 ilL0-4 A.s-ag AL-0-.247.41...c-k4

t

cl-AA-A- •
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IR REPORT

SAMPLE: S OLVENT BLANK.

Were Number

(cm-1)

Intensity Assignment Comments

i I afa- 5 Di 

rcx.,4
1.06.A4-0. A__

/44.42..4

A"_,...L-r—a-AA-;d1-A., 
S L 41- cA._ ...v....

10 0



LRMS REPORT

BLANK FILTERSAMPLE:

Major Categories

intensity Category MW Range

/ 00 4UP/1477C_ li--clizei e/ft 6 ,ALS-
.---

1 cf c/M6oxyLic._ ge /Ps /2Z-.7,15,6

I d )47.regAifrig ,UoN641._-renAhl-r.5 c_rfteley-frFoss /4 Y DA o -02/6)

( 'pi

i

3 I i.-/ C AJ a.5.

/ Of e-s-rt---eS

cific Corn ounds--- — -

Intensity Category mie
1

Composition

/ 0 /5Exizzrc._ Aca) (2Z 6.74e, 0e...

/ ,03 3 ZAI 6- P/9ff (AnirMeilence77#-c-giniurie.dbes) / 70 C/y1-40

( (..,_ Tf4-n-mt.ori-- - 'D bP Ty 0 6 & 390 C2 y hcr 0 41

!

i

4 bit.1G. PM' FLugmumc-t.ie- Py tteluj ,;c2(Z C/6 l'il /0

(g5 - P 14E13y L._ NAPttrk A LawE-- ,20Y Cf4, gra-

/ 0 MET-ti4iL 3 fikic,-- Pli-FLI I ' ?2- e /5 111 2--

l 1(6 7-61e,:7-- P6-C--A)Y (.... c230 Cr H/i(

( 1Z5 frIe7Pea Ryeuyt,. All V7-1. 77 4 4-z_E-Ai .71?" C/7 iiry

rt

Other

SI L. lc 4r-A.1 -e5 —7-5  i",/z  $0 g5
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LRMS REPORT

SAMPLE: BLANK SORBLNT — FRACTION 1

Major Categories

Intensity Category MW Range

1 093 Prt—)Pf 07 IC 14Y.D2-b cPre. 6 a-0 s -)AE•

4 '3 6140L.:. 411-' VE--4y I_ ski r wcz-ii-rizorno-O - Ca ocb 7\16-r
i b rPy iliour-cx Lik iL IA.) i 6-ter R /1106--I,

Sub-Categories, Specific Compounds

Category mle Composition

Other
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LRMS REPORT

SAMPLE:  3LANK SORBENT — FRACTIONS 2-4

Maior Categories

intensity Category MW Range

1 0 0 At. I P CH-7 /C. 141(1) R-aPrie. eifY4S .*

* ‘i:f_y LI-rn...e. IDJ SfliviPLE. — ..si6g..)fri., AibT

S)CrOFCA-0.3-rLY 1+6011E 00.5 f2J fit SOT 6/icK-6-eOu Kb

te ries S ecific Compaunds_ 

lntensity Category mle Composition

 ,___ 

 J

Other
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LRMS REPORT

SAMPLE:  3LANK SORBENT — FRACTIONS 5-7

Maio( Categories

Intensity Category MW Range

1 PQ3 fil-RtlAric 1-14(1) 24, c4 I e _ 6 6,4 s *

vre. y 1_ 7-7-LE.- /AI 51,1-WIPL.E — 51C v A I Irt-- Ai- DT S I GAAGrc 4417 t...y

A-gd" IE. IN STILJ MeAlf 8 Infte- &to ci it.1) .

Sub-Categories, Specific Compounds

Intensity Category mle Composition

Other
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LRMS REPORT

SAMPLE:
BLANK SOLVENT — CONDENSATE

Major Categories

Intensity f Category

I 00 

1 6-D U AICL-4551b

E-s-r6-es
MW Range

Sub-Categories, Specific Compounds

intensity Category m/e Composition

1 0 D V ? H -77-A L A -rE 3g0 C:2 v H357 OV

i

1
lather

In uN Imirpf,48LE 3soziwz._ C evr-Abw- mkre-g//t, ,,(7-4 

/14,3-Jor2 PilICS 4-r g4/z_. '17, /o 5-, /33 
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APPENDIX B

SPARK SOURCE MASS SPECTROMETRY ANALYSIS DATA

107



SPARK SOURCE MASS SPECTROMETRY (SSMS) ANALYSIS DATA

TABLE OF CONTENTS

Afterburner Runs

Run 2 - SSMS Report 111

Run 3 - SSMS Report 114

Run 4 - SSMS Report 117

Stack Air Addition System Runs 120

Run 5 - SSMS Report 120

Run 6 - SSMS Report 123

Run 7 - SSMS Report 126

Matrix Blanks 129

National Bureau of Standards
SRM QC 1648, Urban Particulate 132

109
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2.14
_ ....
.. LI
•• _
ro_3

S i 0
C.,. 073
0. 00 ;

i; 7 f

O. i 5
0. 017

f":,

E;
SE

NR
ID. 73
V. 071

<
Al R

i . 5
0. 1

F. C.. 0 ;-'6 0. 15 L I < i). i 7 < (.). 3,:,
RH NR NR

- 1 '14 c.-n-,;,AL T R "' ikfiLT REF J., RTED
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RUN 6 - SAA - CONDENSATE

I J. 6.7' 6. a

El; r:=1 F` L_ 4..4"11- 1 0

F` L.. gt Pq - J. 1. 77

ELEi'l. ENT j5 PPM ELEMENT ;_;G M

.._. 3. 34 
N.: 

O. 334 RU ..: 3. 25
T Hi ,.: 3. 50 .- 0. 050 MO i 4
B i .: 3. I S < 3. 015 NB 3, 033

PB 2. 6 0. 26 ZR O. 79
TL ti O. 19 ;,: O. 01,9 Y < O. 046
HG O. 44 C . 0. 044 SR O. I I
AU 0. 26 O. 026 RB 0. 056
FT -.. 0. 75 < O. 075 BR 82
IR O. 44) < O. 040 ZE 3. 69

63 C O. 43 ..7, O. 043 AS 0. i i
RE .,. 3. 27 ;:-.• 0. 027 ,DE O. 094'
l.i < O. 37 < O. 037 GA O. 039
TA 4. 2 0. 42 ZN 2. 6
Hi-- < O. 45 C 0, 045 CU O. 59
LU c: O. 11 O. 011 N I I . 1
.Y.IS < O. 15 O. 0 / 5 CO O. i 5
TM < O.- 0'7,5 O. 009 FE < 15
ER < 3. 28 t 0. 0'28 MN 7. 7
r..6 O. 091 ti O. 009 CR 2. 0

T -a O. 043 O. 004 T1 0. 38
0, 0-;.5DY O. 16 O. 016 V

C-cil O. 16 t O. 016 sc < 0. 013
Eij O. 072 O. 007 CA .10.4..,
3M O. 28 O. 0' 6 K J. 7...,,
i‘iL, < O. :35 O. 035 CL 4.. 3 ti i14.-, ).,

F R < 0. 06 1 t O. 00o S 791::,
C E .: O. 082 t 0. 00:3 P 1. 0

Z.:. A O. 12 O. 012
O. 009

AL 3. 27
LA ,.: 0. 0:=19 5 1 6.:

C3 < O. 014 < 0. 301 MG 27
1 < O. 14 < 0. 024 1%4A 5.3
TE < O. 20 < 0. 020 F a.- . 4. ,

:...1-z 0. 19 - O. 019 5 MR
... ,_.

FA 2. i O. 21 N NR
IN i 10 $ 1. 0 5 NR
CD 0. 49 O. 049 11.5 1. 7
PiCi 0, 072 O. 337 EsE N.
D 0. 20 < O. 0 -- 0 Li 

3. 3(:,3

P O. 15
RH O. 14 0. 014

- INTERNAL 3TANDARD NR - NLT RERCATED
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RUN 7 - S.A.A - FILTER

04' i F-" L_ E". .

in :F. a 44 T . _ 1011 .o,

L- p-21 -7 c. 1"4 .1. I.

EL EilEN 7 ;_;1.3

;. .i .„ c-,. Ci.;:::$ s,

7 H
_ ..
.,.• 1

0. 2'3
1. 2

Fi-_; 5. 2 i MG )
_.
f 1... O. 23

i-i G O. 05,; <
Aij .::_ O. 031 <
F T < O. 090 ..:

I i-?. < O. 047 <
0S < O. 051 <
f-l... ...
m C. 033 :

k 0. 12
TA < o. 74 <
1-it O. 071 .1.:

Li...;
• •_
11 L.:,

„ 0. 017
O. O 1 ';',

...:
<

PPM ELL-i*!E?,iT 1_10 ;N1

< 0, 024S ...: 0. 34
0. 7 9. 5
0. 27 3. 5
1. 9  .4....., .-

O. 4' 3 6,0
6. 6 9 0
.3. 6 48

306: 4iDf),;„

6. 4 -34
z:D, • 9 i

... ID. 0 1 I. 0. 14
1. 5 GA < c... 0 o s

9. ;3 ZN i . 6 ( NG ).
C'. 94 CU 5. 7
O. 23 N I 2;
O. : 4 CO 6. 1

T il ,). 023 r M 2. '5 1: 11;'"i )

ID. 4:L:4ER 
V. 30

0. 44' MN 1- 1 ( MG )
i-i o. o ,F., 7u V. 007 -: c.R 1 -1.
DY ,- O. 019 O. 25 V 2. 5
1-6 0. 004 --. v.' .:, 57 T I 

_
...' L'
CI, 00 1.C.,: O i . 01 9 < c,. ..-.......) t., SC: <

E.;_t V. 010 O. 1.3 C. A 1. 7 I. MG )
3M O. 037 < i.). 4.6 691)
il i.:4 s,. Cs. t-..) 5 '3 V. 44 43L 

. l ,
...0 

l

4"..)

FP O. 05 •;.' O. 77 L':,, .1. 7 ( 1,03 )

< O. 1..,ii• i
7
.g... 1

120
.

.,0,..e
81
.7... 8 (

7'. )

7,: )
2. r;

I 70
33
3; 4..;

0. 02.--.•
7 .

.1.. 1 ,. %
,,,".5. .300

1. rl. c. % :,
Ca -..,. 3; 

_
f . 8 F, -260

LA 0. 21 2. 8 .D. 
_ .
1 Nik: VIC

A .I.. ,..7; 2:3 AL D. ." 4 ...:, -- . .r.. 
-,-

1: _i+ ''.) . 41 c- ._, MG

1-. .;,t':!. ';r1.:...'

_ ••• , 4.I:1. .... 1 4. 1 NA 210
T.E O. 02 1 O. 31 Fr 1 1 0
1%D i i i 40 0 i';iR !# F.
.-:,i,i i i 4-..; 1 5 4:".. N N Ff.

1 i'l i 1 o 5 i 30 
_

,‘IF: 041.9
:. , 4. 4 5;;:.-; 6 7, 0 .160
,:•0.3  , .

i. L ..:. / ; E 0. 07 1
F D o. .:, 7 .4. '.....'. 32 L I 0. 4:1 .:. 7
n.iI ..• ..... 56 ,:.. .,,-,.

i,iTERAL REF C,R
-
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RUN 7 - SAA SORBENT

tE. IA i'l F' E._ a- 1 Ei . : 1. '•' 6.. :Z17"

Z ; ,-; Pri F.' L.. ''-'-',...-. i.,..; 7' . : 0 . ...M: 1 7-5 ,‘6. -,11

F- L._ 11-4 1- E iN4 17-1. : 1. 1. 4-> '..,70

6Cs' PPM ELEMEiqT F7=-11

i..; ,- , 1. 3 < 2. 5 AU J. 65 1. 'r
rri < 1. 9 < 3. 6 MO < 1. 3 < c.,

F.:, I < . 0. ót5 < 1. 3 NB < 0. 30 < 0. 53

F E.'1 < 7. 9 < 5. 6- 7_ R 1. 1 2. 1
TL < 0. 81 < 1. 6 Y < 0. 25 0. 49
ink:, < 1. 8 C 3. 4 SR < 0. 1-3 < 0. 44
AU / . 0 < 2. 0 RB 0. 06 1 0. 12
P T NR NR BR < 10 < 10
T. ii < 1. 6 < 3. 1 SE • < 0. 54 < 1. 0
OS 1. 7 < 

..
3. 3 AS < 0. 1.3 < 0. 45

RE 1. 1 < 2. 1 GE 0. 36 ...- 0. 71
rw < 0. 97 < 1. 9 GA < 0. 15 0. 30
7 A < 1,3 < .26 IN 5 1 1 60
HP. < 2. 4 < 4. 6 CU 9. 7 1
LU < 0. 58 <:.. 1. 1 N I 7. 3 14
. _
f 1.:, < C... 62 1. 2 CO 0. 10 0. '70
7 M. 6. / < 12 FE 1 7 - .-,...3
-
m.r. 1. 1 < ik. .76. MN < 4. 2 < S. 2
riCi 6. 24 0. 4 7 CR 1. 5 2. 'T 
ZD./. < 0. 63 < 1. 2 V 0. 34 v. 65
T ii -: 0. i 4 < V. 26 T I < 0. 099 < 0. 1 ::..
,3 Et < 0. 63 / . 2 SC ..: 0. 072 0. 1 4
,-: u < ,:i. -34 < 0. 65 CA < G. 1 .1 < 0. 22
3 M < 1. .-7 < L7. 4. K < 6. S ',. 1 3
NI.j < 1. 1 < -r. .,_ 1.. CL 1. 9 ( MC, ) 3,500
F F.': 0, 24 < 0. 47 :3 450 ..A70
C,E 0. 33 < V. 64 P .9. 8 i 9
LA < 0. 47 < 0. 91 51 36 Ar ;:
'23A <, 0. 4-9' ti V. 95 AL 1 7 a.3
CS 1. 7 .-. . -...-: ...:. tiik3 < 1 1 2 i
.L
.. . 7, < v. 35 ... 0. 67 NA ... 7,..... 43
TE < 0. 7S < 1. 5 F < 33 64
...',"6 -: 0. 56 < i. 1 0 < O. 00.9
.7-:,N < C.. 72 1. 4 N NR 

kir.;::i. 0 i 7

I i,i f 1 C. $ 2 0 C NR i \ i I:':

C. 71 C_ 1,.. -,,-ii $:1 0. .59 Ei < 12 2
4.: I:I . 0 1. 0 

4
_p•

-i...1 0. -.2. 0. 56 'LE J. ,:,J i ..
PD -.: i"..,. 80 1. 5 L I I. 5 
7, r? < N F.: „ NR

- 1NTER)AiAL NR - NOT REFORTEC:
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RUN 7 SAA - CONDENSATE

:_17.:i al"---eNi F----* L_ E I Z. : 1 6.7 ,r_ :14

..--‘7.7 iza i'vl iz•-"' L_ ET_ 4.#4171- _ : J. .0 C-i

F.' i_ .-*1 -"F E NH:). : 1 1 7' ;:_ii

ELEMENT k.jC,', PPM ELEMENT U13 P PM
  = =_ = ....=  =

s...1 < O. 17 0. 017 RU < 0. 1:3 < O. 013
Thi < O. 25

0. 077 
< O. 025 MO i . 8 0. i 3

E, I O. 068 N3 < O. 015 0. 001
P B 0. 32. 0. 032 Z R C O. 11 < 0. i".11
TL ,•: O. 096 < O. 010 Y < O. 023 < O. 002
HG < , O. 22 < 0. 022 SR O. 057 0. 006
AU < O. 1.3 < 0. 013 R8 < O. 007 < 0. 001
P T < 0. 37 < 0. 037 ER 82 8. %
IR < 0. 20 < 0. 020 SE < 0. 067 ti V. 007
us < 0. 21 < 0. 021 A S 0. 027 O. 00:3
f--- E < O. 14 < 0. 014 GE < 0. 047 O. 005
ini < 0. 1 a < O. 018 GA < O. 020 < 

O.

(:..7,::-7
A7 9. 1 0. 91 Z N 6 

D 

. 
HP < 0. %3 < O. 023 CU O. .:....3 0 . 028
L i_! •-. O. 053 < O. 005 NI O. 51 0. 0'51
Y r__''- < O. 077 < O. 008 CO 0. 010 U. -.)C; i

TM 0. 047 < 0. 005 FE < 7. 4 < O. 74
ER < O. 14 < 0. 014 MN 1. 9 O. 1 .7'w
i-T C., O. 046 < O. 005 CR 0. 48 0. 04•E,'
D '1: ( .C.). 079 < O. 008 V O. 008 C. 001
7:-.1 < 0. 0%2 < 0. 002 T I O. 19 0. 019
GD 0: 079 < 0. 008 SC <. O. 007 <

E. d 0. 036 < O. 004 CA 12 
O. s.7:,0.1
1.

SM 0. 14 < 0. 014 K < 3. 6 < O. 236
iii:i ti 0. 17 < 0. 017 CL 1. 0 ( MG ) 100
PR 0. 031 < O. 003 S 390 E4' •Td
CE. O. 041 < O. 004 P 0. 39 O. 039
L. el
, 

< 0. 0 < 0 45 . 004 3 I 5. i 0. 51
E.. p4 < O. 061 < O. 006 AL O. 021
C.,F, 3. 4 O. 34 MG 13 

.3. 00.7

1 . 3
I 0. 12 < 0. 0 12 N r; 2S 

_ ._
.:... L.:,

TE < 0. 099 < 0. 010 F < .L. 5 0, 7

SD < o. 070 < O. 067 •21 Nt;
;.iF. 

NR
-IN Cfr. 27 O. 027 N NR
I 11.1 i 10 $ 1. 0 C NR rktR
CD O. 49 0. 04 '.,- 13 V. 50 < 0. 050
A.3 ti 0. 036 O. 004 .13E ,0:,.. ii iit 0. 00 1

,... 0, ,-)07FD < 0. 1 1:' C ' < i) . C) i C. L I
Rri O. 035 0. 00:3

STANDARD NR - NOT REF T

128



FILTER BLANK

.

L. a J..; .

o .

-r2:71 7. ,/

0. 69 N.

PPM
= = = = =

O. 069

ELEMENT

RLi

LIG

< 0. 51

Ti-i 1. 00 < O. 100 MO < O. 47
31 < 0. 31 < 0. 031 N5 < O. 059

P5 < C.. 64 < 0. 064 Z R / . 7
Ti_ < 0. 39. < 0. 035 Y < 0. 091
HC-. 4 „. 0. 89 < 0. CI a 9 SR 0. 11
Aii < 0. 51 < U. 051 R5 .a. 3
PT < 1. •-, 0. 15 5Ft ...,.... 3
IR 0. 7-9 N. _.. 0. 079 SE- 0. 27
6.:-3 O. 86 - , 0. 08o AS < O. 11

RE < 0. 54 ti 0. 054 GE -< 0. 19
'44_.. .
i rt

< O. 73
5. /

O. 073
0. 91

GA
Z N

< 0. 07 a
-, 6

i-iF 0. 91 < 0. 091 Cu 0. 050

L Li < O. 2 .1 < 0. 021 N 1 < 0. 13 <

't'. 7: c O. 31 < 0. 0:31 CO < O. o3e
7 ii
- _
c... r. -....

5. 7
0. só -.".

0. 57
O. 056

FE
MN

1. 5
V. 065 <

i-ii..i -.: (...,. 16 0. 01 a CR 0. 25
L. T < O. 32 < O. 03% V 0. 025
7-6 O. 036 -.. O. 00'9' T I 0. 77

,3i.-.. < O. 32 ..... 0. 032 SC < i'... 027
EU < 0. 14 < O. 014 CA 6. 81
Si'''i < O. 55 < O. 055 K 3. 4 4.:

i•-iL < 0. 70 < 0. 070 CL 8. 7 MC3)
F R < O. 12 < 0. 012 5 6. Z.
i:E < 0. 16 < 0. 016 P 2. 4

LA O. iS < O. 018 S I 31

314 0. 24 ;: 0. 024 AL 0. 27
O. 029 < 0. 003 MC,

- :-... -.
-I 0. 47 < 0. 047 NA 25
-

i r_ O. 40 < C.. 040 F 660

S13 < O. 26 < 0 , 02:3 0 NR

Ski
i PI
.. -
,... I-,

,

ii
O. 39

1 CO
0 . "i• 7P

<
I
<

0. 039
1 . 0
O. 04.;

N
C;
5

;4;
t'eF%
i . 7

I.:is:,
i-.." 7..

<
<

0. 14
0. N. 1,1

<
:

0. 014
O. 040

LE
L I

L. 9
2. 6

.r.--iri -,: 0. 14
.... 0. 014'

- I Tt-r NR. - R EP C.R TEL..

< 0. 051
< (... C...V7

.,:.,. 066<
0. 17

,..
< 

0. 009
0. 4:, 1 1
0. 3.3
0. 53

, , :::., : : ....),1 1 27
c

< O. 01.9
< ,-.,. .:,4:,

0. 26
O. 0C.,--.

O. 013
< 0. 0(,...4.

O. 19
0. 1:•.:,,;

,:.. 02 5
0. :0.1
0. 07-

< 0. ,-_,c, 3
0. Oi5..

0 . 34
S70

I... 6 2
0, 24'
3. 1
0. 0 .:-.. 7
7 .

7 :-:i4.. 
,,.:.
!"1 Fl
NR
N 9:-%
0. •i 7
0. ,.. 9

'-.... ..,.. c::,
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W lit r111

-1 I 1.1 I., I-, i--. OI 01 ....I 1-4 CI GI r. 1- i -n -I. ii, Ili CI - I rt 1. rn ---t --. 4-' -I --; z.. ; 4:, F -r) 3, i. -; -11 ci -I I: 4; ni
1 2,' CI Ci 1:1 .2: ...e' G' III IIJI I-. I, ft i X1 t ! 7 CLL. r...1 t'.! --,-. C. 71 -S.7.: C.1 0: 11 12 Di ff. 7.. -1 ...--. Co r- 1.i.; 4.--, 1: 4; a.

ii rn
.--._,,

-I
ni 

ill :-..is

",11
.7 / . i" . al f. t. /. t) ./, ( . r' . t .. L' , ...`, i , ( , ( . ... ' -. e../..  ^ '  i e e e. r-, ..,  " . e . .... 44a. 11
r - r.:4 1...., 11.. G, LEI 9 11
II/ i ! C . C ' C.. it:::' C....' •:.:. C. (.. C' C. Ir.' .r.... C., C' C. c . C. •C. C. C. 0 0 0 C. 0 C. 0 0 z ,---,, 0 C. ' 0 r, 0 11 c"
-1 . 

to • 
.- .

11 1";)
I, 1-- ..:. a-- 7 r-- 0 C. C. C. C. 0 i-- *--- r". 0 0 0 .:.-. P.- 0 0 (... P-- *-- ts) 4%) •-• 4..1 *-- 0. 0 1%) P.- 11-7- 7". --.1 fli %II '.C1 -r) -P. C. 0- Crl 4-.. to 44 cn 4.,L -...1 .--- --1 1-/ I -1-• ....1 -.-.1 C. to .1r r-- 0 to 1,1 0 01 Co C.- li
F 4 c. 4-:.11 c:-_, o:i -I, ---1 P- .4... r- r-- t..) ..i.. 13) •%0 C. •-.1 1....1 0) 11
F 11
1.
rl

/ • I.
. . ... • / • (I (A. e. es; e. / • (", /.1

,,. - 44 44 i11 (.44 si., 2 i
1.0 Z. 1c. .c. .c,... 4.-_ c. S. 7 0 7 0 0 C... C. 0 C. 0 0 C. 0 0 0 2 o c, c• p 4:7. 2 74 9 p 9 -4 9 9 9 l. . . . . . . 4-- 1

1%) 1--- i.....i +-• (.0 ►I-- CP C"' /''' ,0"-- C. C, NI C.i C • F.-- C.. 1.., C. KJ '''''' re-• 01 ici tti -4.• Co l'sj •C.,. 1,:i I-- 4.. i.sj 1
.: • .s. 0 a, --.1 %Cr 0, P.- 1..) Kr 0", 0-. CiI C'.. 01 0. C.) O. 0-- 03 01 42. 4) -Pr ',Ir.-) -.4) ti1 4. 0 0- --1 10 1

0. 4- ik.) 1-- ILI fr. 0

-z_ 01 13.1 C) Cr '•-• (..) ( 17.1. , 7". CI tr. C 171 2 11 Z 1-1 Ci Ci 12 U-1 al 7/ (fr < Z
71 ni 1, r- r fr I-4 Z fll 1-4 Z 11 lit (.4 Pi 7-1 WI 7.1 73 01 4._r

r

n▪ i
-14

71

-;
(Ti

e, r. e. ê, 1‘,

0- 1-)
to 10 J• .-- C., 01 1-- 1-- ILJ1 --1 01 ii- (,.)

C. C. " "..7-. 2'. ' 01 --4 • L.1 0 • LI 0 C• .-. P- . • 0- C. P-.. l',1 . crt :0 0 0 . 0
" I-- il ..II 1 i- - 01 10 P.- 

. . . .- .
L11 • • ' ' 13. ' ril '

4, (2 b. 7 tl,...4 r- r-. 0) LI 7 7 r- Oi 01"). C. . I--
--1 C. _.-. 

C' G CO ui
1-- -... 't. -Fr r-- 

1.7.4). ;1-:,,, 10 ...6 I--
01

iD

im /4 e. e.
•

1
ni

a
ni

0 r. V) C. ' C.". p., C.
0 0 0 C. •--1
C11 w (.4.)
N.; 1-- ▪ 1,

11

I- I
1,J I-- I- I-- I

4. 1--- 0 4:- I- 4. . 'A 1.r) 01 0 1
-2- 27 "2"_ ' A) (41 ' 1..1 t--) I-- I- - I

71 /--` ...: • 4 .. C, A..I C.' C. '.- " C.' 2 '...7' !I.,-. l'.., C.) !..1,1 .4, .77.,004---o9s.-.9,4,.2(.0o 1
(....

.-4 z. - c-. -...1 r c. 1-.7 0'. 0 0 Cr 10 CO 0 b-- 0 C., 0 1,0
f, i C.: , ....'". 1.- 1.--. -1 ..,.... co %CI (0 t.,.., 1-- 0- --A 6-.•

1,1 0 iii 0 O Vi 4 .

rn
OryU

ra



L

1 tri (1 tri •D -,
i IA (7.. 1:. .0 ,:i 0 c.-:, .0
I r:".... --1 .-) --t ..) .1.2, .-_-,. 4,1
I ..-.
I ‘Th. .."1. f'N. 0 .-) .Th• 0 i'''.
I
I
1
I

tn to iy...t 1/.., es.1 i 171 -4 i 4.̀4 --..I • CI
-4 ..-.., ...2. 0 -4 ,.N • I .a". 4 .) D -e •
.0 ..--.:. .c..„--,1 ..-.•:, ki) in c:. 7 ril 7-. . 4 1(.0

in , .1- ---4 .t-
0 •-"0 •':, .'... •••"". ...:.• 0 i..... N. ...... 

.--:' :::, * 17.•^; .7:0 c; .-.2::

.`t
1.7k 117.

- ijr: 1.7C 15

••• 2. • D

1 ..... .../ v ..., ki 4,..
1,4

C' . 1 . / ..,

1

H 0
11 in .0)
11 .2'

-0 t•••• 7

--I-
0 .7) • 0

0 et 1:r% firs lh 
k 

•-•01'1
rn If) 1.4, kr.. re.) ik
-•-• 0 f ci.) 171 0 rer (el -4 ej .21.

.1 In IC ft i.1"2It 0

17

}-
IC

•:•:, II 6 --
11
11

r".; ••••D; 6 6 c; 
(j • • '3 6 6 r4:1 -; Erj

r•-%
PI .7 .

L

11
11 ',."/ '."1 '1 V 11

1- 11

2:, 11

1.11 11

1M tr 11-0 fr 11) I Li <I :7: 1.7 11.1 Z V`+ (...) 1 1.1 t.0
III II it E IA IJ) .L r•-k t-4 ti 7 1..1 IL E I- (0 t_k I) kr, ((1 Z I 1-) 1:1 In J

. J 11

111 11

11 et .2. 1f) 0‘. ID 1-, If) 4.1%. 1:0 't • l•-• IC/ ir! .0 r.0 0`. --4 et 0 't .2. 't 2.. 1

11 071. 1.1:1 fr' 11."4 ."-". 4.4 0-1 '4 0 I r) +.2" 6-4 .24 If,1 4..$) - •
II 0 0 0 0
u

r 6 6 6
0 0 0 0

.-; 6 6
0 f..) r3 0 CI\ 0 0 Q .L..% 0 0 0r.0 0 0 .7) 0 ,r)

6 6 6 ri 6 (5 6 6 i6 6 e3 6 6 66 6 c: -;
11. N

10- H

11

11 ..f ) 
.

V V '-) / I V .1 '1 V i") 141.

1:1

1r:

N ' L

11 lio -, rn r•4 ---1 1:-4 ..".... .--1- 1-4 tr. 1 ..1
II Pt I:' In 1.1 07.-. "1" -13 1.11 (./) 1-", t, If) -4 LP v.I\ 10 17.: .0 tt •0 t -- t.0 IP .0 1,0 '0 1.4' -I 1 '7-I "t I.:I 't I. ':" C.I
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